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The world’s largest line of air valves 
is also the most advanced because 
of the Ross engineering staff 


Do you know these Ross air controls: ? 
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AIR AUTOMATION 





Rugged, dependable foot valve 

The 600 valve series. Features maintenance with- 
out disconnecting piping, rugged construction 
and a variety of treadle options: double or single 
treadle; spring return or detent. Also available 
as a hand valve. 3-Way and 4-Way models, !4”. 








RUGGED 


More Comfort for Machine Operator 

Push buttons may lead to sore fingers but not 
this palm button valve. 27%” button is comfort- 
ably convex. Valve is ruggedly built, available 
with or without key-locking feature. Red or 
green button, flange mounting. S-Way or 3-Way. 





. 


For more information write us, or contact your nearby Ross representative. 


Time delay sequencing valves 

The Ross Graymodel Valve is actuated by pilot 
air from another part of the circuit. Times in 
with cartridge in one position, times out if 
cartridge is reversed. Adjustable to 0 to 3 
second delay. 








ECONOMY 





Small valve does bigger valves work 
The Pacer Headline Valve gives you highest 
capacity valve-size for valve-size of any solenoid 
valve on the market. Capable of rapid cycling, 
consumes little power. S-W ay, 3-Way and 
4-Way models. !4” through 114" pipe sizes. 





THE WORLD’S MOST COMPLETE LINE OF AIR CONTROL VALVES. AVAILABLE ALL OVER THE FREE WORLD. 


OSS oPERATING VALVE COMPANY 


114 £. GOLDEN GATE 
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e DETROIT, MICHIGAN 





See our digest catalog in Sweet's 





Key Characteristic of ASCO Relays with Time Delay’ 


This ASCO Time-Delay Relay, one of the many types of ASCO Relays, is designed for 
maximal versatility, and is engineered to excel in any service throughout its wide range 
of applications. Built to control power in large doses, it handles motor loads directly. 
Delay is screwdriver adjustable from 1' to 6 seconds on dropout—or can be factory-set 
to your specifications. Relay arrangements with delay on both pickup and dropout are 
also available. 


ASCO built-in Time Delay with no moving parts can be added to any ASCO Magnetically 
Held Relay, to 12 poles, 25 amperes. And it’s not finicky about actuating power either . 
you name it and this ASCO relay complies—de or ac, from 120 to 600 volts, 25 to 
2000 cycles. 


In all applications involving automatic control, depend on this relay to forestall complica- 
tions — instability, cycling variations, accelerated contact erosion, hunting of associated 
relays, or unnecessary shutdowns due to transient conditions—often caused by instanta- 
neously acting relays. 


TYPICAL ASCO EXTRAS @ Single-break or double-break silver contacts with wiping action 
@ Clapper-type magnet with Oilite bearings at pivot @ Vacuum impregnated coil & Low- 
loss silicon-stee] magnet frame ® Telephone quality capacitor, to JAN-C-62 and ASCO 
specifications @ Selenium rectifiers used conservatively M® Creepage distance well in 
excess of NEMA and Underwriters’ Laboratory requirements for 600 volts. 


Time Delay Relays are only part of the complete ASCO line. Catalog 57-S4 lists magnet- 

—aye* : } ically and mechanically held relays to 24 poles, 10 and 25 amperes, along with many 
$$ $$ specialized types: reverse current, close differential, current-type welding, electronic, 
Write for your copy today! and modified arrangements. 


ASCO Electromagnetic Control fe 


DEPENDABLE ConTROL BY Aulomatic Switch CO. 54G HANOVER RD. FLORHAM PARK, W. J. - FRONTIER 7-4600 - AUTOMATIC TRANSFER SWITCHES * SOLENOID VALVES + ELECTROMAGNETIC CONTROL 
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Still the will-o’-the-wisp, creativity: what is it? 

Research groups are probing—and coming up with some 
interesting answers. The profile of a creative man 

may not be what you think. E J Tangerman 


Intuitive engineering 
The run-of-the-mine handbook engineer had better learn 
how to use his intuition if he hopes to “keep up.” Harry Jackson 


Which electric brake for high-cycle machine drives? 
To stop a rotating inertia in specified time is not 
just a question of torque—-can the unit you select 
dissipate the energy fast enough to be ready for the 
next braking cycle? Joseph F Pech 


8 fastener comparisons 


How rings replace machined shoulders, collars, 
screws, cover plates, to simplify design and cut 
cost. Howard Roberts 


Electron-beam melting is now on a production basis 
For alloys with exceptional strength at high 
temperatures, this method competes successfully 
with vacuum-arc or sintered powder. Mort Schussler 


Motor mount pivots for controlled tension 


Belt is tensioned in proportion to load by 
swinging the motor and its pulley. 





DEPARTMENTS 
Advertisers index . 
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Breath controls breathing aid 

Valve opens and closes depending on 
pressure difference of only % in. of 
water—to make an ideal “demand” system. 


One pump—four controls 

Four different variables influence flow 

of fuel to match purap output to engine fuel 
requirements. 


Gluepot problems? fake a look at today’s film adhesives 
Raw material prices may be higher for these films, but 
the ease with which they are applied lowers over-all 
joint cost. Bonuses are higher strength, improved 
reliability, closer tolerances. E F Hess 


Engineers go shopping in laboratory supermarket 


Hardware, electric parts, materials are displayed 
in open bins and racks so that engineers can choose 
exactly what they need. J H Prince 


Higher-temperature insulation for overload margin in motors. . . 


Add class-B insulation to an enclosed motor and 
it will match class-A insulated open motors in 
overload capacity. Result is more horsepower in 
a smaller frame. R F Woll 


Molten salt research points way to 1000-F hydraulic systems. . . 


Pumps, valves and cylinders are available, but 
what fluid can stand 1000 F? Answer seems to be 
molten salts in a two-fluid system. 


95 





New components . 
New materials 
Panorama 





COMING 
NEXT 
ISSUE 


Airflow through components 


Pneumatic system calculations de- 
pend on manufacturers’ specs which 
are not always compatible. Here’s 
how to make them work together 
in flow computations. 


A new cam profile 


This family of cam curves is de- 
signed to operate below the natural 
frequency of the follower system 
and thus avoid resonance. 


To be a boss 


You'll need new skills, new view- 
points, if you intend to switch from 
technical work to a managerial po- 
sition. Are you sure you’re ready? 


Low-cost latches 


Here are six ways to hold a box 
cover down that are simple and in- 
expensive—though they may look it. 





Servo 
motor 


Oun 


for 
radar, missiles, 


machine tools 


Kab 


‘STIFF + RESPONSIVE 
‘HIGH TORQUE - EFFICIENT 
*LOW PRESSURE 
* HUSKY 


Cimtrol’s unique Acradrive 
22 cu. in., 8 cylinder radial 
Hydraulic Servo Motor 
500 psi, 500 to 1/60,000 rpm, 22 
cu. in. /rev. displacement, 55 cu. 
in. contained oil, acceleration up 
to 40,000 radians per sec. per sec., 

$2,000 off the shelf, now. 
Write for Bulletin MM-2281E 
Cimtrol Division 


The Cincinnati Milling Machine Co. 
Cincinnati 9, Ohio 


=> 
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INTERESTING TO NOTE 


> THE early part of the 19th century, stopping a railroad train was a 
clumsy and uncertain business. A brakeman rode on each car and fran- 
tically turned a large handwheel in response to blasts on the engineers 
whistle. Then, in 1872, George Westinghouse introduced his air brake 
which, unlike most new inventions, was almost immediately adopted by the 
railroads. The reason for its fast acceptance is often traced to a fortuitous 
accident. To us it looks more like the work of an astute publicity man 
but, in any event, it makes a good story. 

According to the legend, Westinghouse borrowed a locomotive and 
four cars, which he equipped with his ingenious braking system. Then, 
inviting prominent railway officials as witnesses, he packed them aboard 
the cars and took off for the first station on the scheduled run. Despite 
warnings that the tests of an experimental brake were in progress, a 
farmer attempted to cross the track with his team and wagon and soon 
found himself stalled across the rails. With the train bearing down, the 
horses fled, upsetting the wagon and throwing the farmer onto the track. 
The engineer, who had been considering the best way to bring the train 
to a smooth halt at the next station, reached quickly for the air valve. 
The train stopped four feet short of the unconscious wagon driver. 

Railroad officials, though momentarily upset by the sudden stop, were 
much impressed. So impressed, in fact, that the Westinghouse Air Brake 
Company was almost immediately capitalized at $500,000 and its young 
founder (he was then only 23) launched on his successful career. 

In this first Westinghouse design, the compressed air, which came from 
a reservoir, forced the shoes against the drum. In later designs, he 
reversed the scheme of things into the form we know today, with the com- 
pressed air holding spring-loaded shoes away from the drum. With this 
improvement, runaway cars stop automatically when the air line is broken 
and brake failure in one car does not interfere with other cars. 

In Westinghouse’s time, compressed air seemed to be the only way to 
communicate a braking signal to a long string of cars. A designer faced 
by the same problem today might well consider an electric signal 
activating electric brakes. For a roundup of the electrically operated 
brakes our designer would have to choose from, see page 66. 


From McGuffey to the self-starter 


Current controversy over McGuffey’s Readers (some educators feel 
that stories with morals are unsuitable) recalls that Charles Kettering 
claimed again and again that his exposure to the series had been very im- 
portant in shaping his own philosophy. Remember, “where there’s a 
will, there’s a way”? This became in Kettering’s words, “we can over- 
come the difficulties if we want to.” 

Charlie Kettering was born in northern Ohio, and went to country 
schools there for years. He was a farmer’s son, nearsighted, and without 
money for glasses, so he held his 
McGuffey’s pretty close to his nose. 

He was kidded by other youngsters 
for this and his shambling gait. But 
he didn’t care; he went on to school, 
showed brilliance in math and 
physics, studied the Corliss at the 
flour mill on his way to and from 
school, fastened his Latin grammar 
on the plow handles so he could 
work and study. He was a question- 
ing nuisance in class; there were 
many questions before he asked his 
famous, “Why is the grass green?” 


—and went on to find out. 
continued, page 6 
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Snowplow chews up avalanches at 36 tons a minute 


How steel with Nickel in 


Chewing through mountainous drifts to 
rescue a snow-bound town, this plow 
can devour 2,200 tons of snow an hour. 


It bites through solid ice and deep snow. 
Or strips a new-fallen six-inch blanket 
from a superhighway at 30 mph. 


Drive shaft and gears run a gauntlet 
of shocks as the plow churns through 
rocks and stumps buried under stone- 
hard snow. That’s one big reason why 
two nickel alloy steels, AISI 4320 and 
3140, are used for these heavily stressed 
transmission parts. 

Nickel gives steel the strength and 
toughness essential to a snowplow’s 
drive shaft that must perform under 


brutal wrenching, twisting shock loads 
in arctic cold. 


Putting stamina where it counts 
is just one of the things you can do with 


it delivers the brawn behind the bite 


Nickel. In addition to providing muscle, 
Nickel can also help alloys withstand 
the intense heat generated by super- 
sonic flight. Or shrug off the deep cold 
of liquid helium. And every industry 
knows the value of Nickel in combatting 
corrosion. 


When you have a metal problem, 
look into the possibility that Nickel or 
one of its alloys might be the answer. 
Write for our “List A.” It tells you of 
technical literature helpful to all indus- 
tries. A copy is yours on request. 


THE INTERNATIONAL NICKEL COMPANY, INC. 


67 Wall Street J 


NCO, New York 5, N. Y. 


Transmission shafts are made of AISI 4320 
nickel alloy steel. Drive and spline bush- 
ings are AISI 3140. Snowplow by American 
Snowblast Corp., Denver, Colorado. 


INCO NICKEL 


NICKEL MAKES ALLOYS PERFORM BETTER LONGER 
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on the spot 
for spot 
heating 


Vulcan Cartridge Heaters are right 
en the spot ... for spot heating... 
with a complete quality controlled 
line which includes standard; high 
watt density; and ceramic elements. 


VULCAN STANDARD 
CARTRIDGE HEATERS 


Vulcan Cartridge Heaters are avail- 
able in a wide choice of lengths, di- 
ameters, sheath materials, wattage 
and voltage ratings. 


-_ 


VULCAN “THUNDERBOLT” 
The ‘‘Thunderbolt”’ delivers as 
much heat as a conventional car- 
tridge 5 times its size. You get rat- 
ings as high as 200 watts (or even 
higher) per square inch of radiating 
surface. 


VULCAN CERAMIC HEATERS 


These are ideal for volume produc- 
tion in spot applications which re- 
quire a cartridge type unit where 
high watt density and ruggedness 
are not prime requisites. 

Write for Bulletin VG-300A. 




















VULCAN ELECTRIC COMPANY, Danvers, Mass. Vi 
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INTERESTING TO NOTE continued 





His parents wanted him to be a minister, and he tried it to the extent 
of spending a summer studying Greek. But his eye trouble flared up. 
He taught country school, then town school. At the same time, he was doing 
chemical and electrical experiments at the local drugstore and picking up en- 
gineering ideas from a local wagonmaker. So he went to college to study 
engineering. His eyes kicked up again and again, and for a while he had to 
leave school—to set telephone poles and ultimately install telephone ex- 
changes. Finally, he got his degree. 

The rest is history. But the basic point is that “Boss Ket” was a typical 
creative man (see page 63), exhibiting at one time or another all the 
characteristics that distinguish the breed. His curiosity was insatiable, his 
interests broad, and the difficulties he faced helped him to go where he 
wanted to go. (Kettering’s biography, “Professional Amateur,” is avail- 
able in a special PE paperback. Just send a dollar to Reader’s Service, 
Product Engineering, 330 W 42nd St, New York 36.) 


A name for stickum that stuck 


According to today’s authorities, choosing a descriptive tradename for a 
product is a ticklish business worthy of a company’s best creative effort. 
The name, they say, influences the buyer’s image of the product. In 1920 
corporations were less concerned with images, and tradenames were chosen 
with much less deliberation. One of the most famous—and still one of the 
most valuable—wasn’t even chosen; it just happened. 

Executives of the 3M company aren’t even certain where their famous 
tradename “Scotch Brand” originated. One legend has it that the name 
started as a nickname coined by some of the first users of pressure-sensitive 
tapes. At that time, 3M was making a kind of masking tape for auto paint 
shops (their cellophane tape didn’t appear until two or three years later). 
The tape came in rolls two inches wide and had an adhesive coating only 
on the borders of the strip; the center was left uncoated. It was intended 
that auto painters would stick one edge to the car, outlining the area to be 
masked, while attaching the other edge to large sheets of masking paper. 
But the partially coated tape didn’t adhere well. According to the story, 
the painters suspected 3M of being scotch with their adhesive and began 
referring to it as “that Scotch tape”. The name caught on and soon the tape 
was Officially trademarked “Scotch Brand” tape. When the pressure-sensi- 
tive cellophane tape came along several years later, it was natural to apply 
the same trademark to it. For a look at some modern film adhesives, see 
the article which begins on page 86. 


Sharper than a razor’s edge 


Japanese, in the year 1600, had excellent steel from which their samurai 
swords were made. The steel was so good that it resisted nicking, even 
though the edge on swords was honed so fine (and the swordsman’s hand so 
steady) that an apple set on a man’s forearm could be split without touch- 
ing the man’s arm. Clothing could be cut without touching the skin beneath, 
silk scarves parted under their own weight. 

All this was reported in the diaries of William Adams, an English sailing 
master and sea captain. Adams arrived in Japan in April of 1600, without 
charts and sailing a Dutch ship. The ship was the last of seven that had left 
Holland two years earlier, and carried only 24 of its original crew of 496. 
Originally a captive, he soon became the right-hand man of the shogun 
(temporary ruler under the emperor), and stayed on as “Daishi-san.” There 
is still a Tokyo street named after Adams and two shrines in other Japanese 
Cities. 

We were reminded of Adams’ account of the extraordinary Japanese 
steel in connection with our article on electron beam melting (see page 78). 
With this modern tool, we can make metals that retain their properties up 
to red heat and we can melt them without oxidation. Whether we can 
make a sword that will part scarves by their own weight is open to ques- 
tion. Maybe we need heavier scarves. 
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Gasket engineering 


FLANGE PROJECTIONS 


improve 


TORQUE RETENTION 


Here’s a simple, economical, and widely adaptable way to build elasticity 


into rigid flange-bolt assemblies . . 


. and get better torque retention. 


E. M. SMOLEY, Research Physicist, Armstrong Research and Development Center 


To minimize loss of bolt torque in 
rigid gasketed joints, design engineers 
try to introduce some elasticity into 
the flange-bolt system. 














Figure l-a (Top): Test flange with 
gasket. Note cantilevered projec- 
tions for bolt holes. Flanges 1” 
thick, with gasket area 4” square. 


Figure 1-b (Bottom): Control flange 
with gasket area 4” square. 











One way to do this is to use the 
longest bolts possible, torqued close 
to their recommended limits. The 
elasticity of the bolts (the so-called 
“spring effect”) then acts to compen- 
sate for compression drift and the 
effects of thermal expansion. 

In most applications, however, long 
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bolts are either impractical or un- 
economical. As alternates, designers 
may use spring-loaded bolts or through 
bolts with nuts. These will usually 
produce the desired elasticity, but 
they increase parts costs and add to 
assembly time. 
Armstrong research 


After 18 hours, retained torque was 
measured (1) while the flanges were 
still hot; and (2) when they had 
cooled to room temperature. 

The test was repeated, increasing 
the torque in increments of 5 pound- 
feet up to 25 pound-feet. A summary 
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such a flange. The ma- 
chined projections 
through which the bolts 
pass do not contact the 





Figure 2: Results of flange projection study. Hot torque 
measured after 18 hours at 300° F. Cold torque measured 
after cooling to room temperature. Accopac AN-890 asbestos 
gasket (1/32”) in flanges. 


— 








bottom flange. As the 
bolts are tightened, the projections 
deflect slightly, introducing elasticity 
through the flange instead of through 
the bolts. 

This design was tested extensively 
at the Armstrong Research and De- 
velopment Center. A control flange of 
identical size except for the projec- 
tions was tested simultaneously (Fig- 
ure 1-b). 

Both flanges were gasketed with an 
Armstrong Accopac® asbestos material 
(1/32”) and assembled with four 
5/16” NF bolts. In the initial test, all 
bolts were torqued to 5 pound-feet, 
and both assemblies were placed in a 
300° F. oven. 


of the test data is given in Figure 2. 

In every case, the test flange shows 
a higher torque retention—hot or cold 
—than the control flange. At loads of 
15, 20, and 25 pound-feet, practically 
100% of the initial torque load was 
retained on the test flange. 

Research on problems of gasket 
selection, design, and performance is a 
continuing project at the Armstrong 
Research and Development Center. 
Our large library of data may already 
contain answers to your specific sealing 
problems. We will be glad to make 
suggestions if you will send details to 
us. Armstrong Cork Company, 7112 
Irvin Street, Lancaster, Pa. 


(Armstrong GASKET MATERIALS 
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Ce’. needed a special magnetic 7814% nickel 
alloy in .234” + .003” diam. rod stock and .042” 


says Robert Troxell, Relay Engineer, Cook Electric Company, Chicago, Illinois 


x 5.6 x 4’ strips. We got it from Hamilton. rd 


PRECISION IS OUR PROVINCE. Working to mini- 
mum thickness of .00008”", widths of '«”, Hamilton 
can supply you with foil or strip—rod or wire—of 
virtually any alloy in production quantities. Our full- 
scale, completely-integrated facilities and engineering 
talent in this field permit absolute quality control from 
melt to finish. Thanks to these capabilities ... a 
familiarity with precision work inherited from Hamil- 
ton’s watchmaking background . . . experience with 


aah HIAN/ILTON WATCH 
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ultra-thin foils unmatched anywhere in the world... 
we offer you precision metals to meet your exact prop- 
erty and delivery requirements. We guarantee our 
product. Call us. 


2: 


For additional information on Hamil- 
ton’s facilities and capabilities, send 
for free booklet, “Precision Metallurgi- 
cal Services.” Write Dept. 3512, 
Metals and Electronics Div., Hamilton 
Watch Co., Lancaster, Penna. 


COMPANY 


Metals and Electronics Division, Lancaster, Penna. 
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MULTIPLE 
ROLLER CHAINS 


Multiple roller chains of 
double, triple and quad- 
ruple widths in all standard 
pitches in riveted types ore 
ordinarily corried in stock 
— multiple chains up to 6 
strands or wider can be 
furnished. 


STANDARD 


ROLLER CHAINS 


ACME chains are available 
in sizes from ¥," pitch, %” 
width to 2%" pitch, 1%” 
width, 


- 


HA 


ACME Roller Chains are designed and built to 
perform each specific job with maximum efficiency 
and economy. Sprocket ratio, chain impact, tension, 
drive speed and other factors are determined, not on 
the drawing board alone, but in the field where 
ACME Engineers observe and test chains at work 
while new equipment is being designed. In that way, 
ACME chains are made to deliver positive power 
transmission with economy and dependability under 
all loads at all times. 


ae : 2 
This shows a typical installation with 
positive power transmission where long 
life is essential. 


LEAF CHAIN 


These ore furnished in a 
variety of pitches, widths 
and strengths to suit differ- 
ent applications. 


For maximum performance at low transmission 
cost, be sure to specify ACME Roller Chains. They 
will give you the most value 
for your chain money. Call 
your ACME Distributor. 


Holyoke 

Massachusetts 
Write Dept. 1-X for 
new illustrated 106 
page catalog with 


engineering section, 


EXTENDED 
PITCH CHAIN 


Extended pitch chains are 
becoming increasingly more 
popular in many industries 
where high grade finished 
roller chains ore required, 
at a lower cost thon the 
OFFSET CHAIN » standard pitch chains. 


Offset Side Bar Chains for 
drives that require herculean 
strength in construction 
machinery and oil fields. 
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inside/outside 
WHEN THE PROBLEM IS CORROSION 





count on 
Anaconda 
hose 

of Teflon 


BY 


If you’re faced with the problems of 
corrosive atmospheres or of conveying 
corrosives, specify hose of Teflon* by 
Anaconda. These rugged, resilient con- 
nectors are being used to convey chemicals, 
steam, hot water, fuels, air, gas, liquids, ; 
semi-solids, and have proved the ultimate & 
in durability and dependability. They are 
lightweight, flexible and serviceable at 
temperatures from —65° F to 450° F. 


Whenever you have a connector prob- 
lem, consult Anaconda. Select from hose 
in a wide variety of metals and materials 
meeting every requirement. Fast delivery 
from local distributor stocks. For more 





information write: Anaconda Metal Hose 
Division, Anaconda American Brass Co., 
P.O. Box 791, Waterbury 20, Connecticut. 
In Canada: Anaconda American Brass 
Ltd., New Toronto, Ontario. 61-939 + 


*Tefion is a DuPont trademark 


ANACONDA &@ 


~ METAL HOSE DIVISION 


HORIZONS 


No challenge? 


“A subscriber” in New Orleans writes: 

Although I’m a nuts and bolts engineer and far removed 
from anything to do with the space field, my curiosity 
continues to be aroused by the readiness with which the US 
accepts Russian claims as to the weight of their satellites. 
If 1 understand the physics correctly, practically speaking, 
weight has nothing to do with the characteristics of the 
orbit, once it is attained. Therefore, it seemed to me that 
this acceptance must come through information gained 
through Intelligence. One wonders if any nation’s Intelli- 
gence is so good that it can verify Russian reports to the 
last pound. Two other items have clouded my view: One 
was a recently reported (on network TV) theory that the 
Russians use a saucer-like ramp to get part of their velocity. 
This would evidently reduce thrust requirements. Since 
Russian rocket thrust claims have been accepted com- 
pletely for years, why would this theory even be put for- 
ward at such a late date? The other item which bothers 
me is this statement from King-Hele’s Satellites and Scien- 
tific Research: “‘A few thoroughly skeptical voices pro- 
claimed the Sputnik was not there at all, while a strong 
chorus tried to prove that the weight was 18.4 lb, not 184 
lb.” I assume at least some of that chorus must have been 
scientists and their argument based on the actual orbit of 
the first Sputnik. Again, the tie-in between orbit and weight 
is confusing. 


We usually disregard anonymous letters, but this one 
raised a legitimate question that we've been asking our- 
selves. What specifications are used by our space scien- 
tists to judge the truth of Russian claims? So we passed 
the letter on to the National Aeronautics and Space Ad- 
ministration. This is their reply: 


The following statement has been made by Mr James E 
Webb, Administrator, NASA, concerning the Soviet 
Union’s announcements of manned flights: 


“First, we have no reason to disbelieve it. Second, 
all the information that we have indicates that they 
have accomplished what they have announced they 
have accomplished. 

“I have stated that all the information that we 
have in this government gives no reason to disbelieve 
it and, in fact, confirms it.” 


This agency has no information to indicate that the 
Soviets have used anything other than a conventional ver- 
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tical launch pad similar to those used by the United States 
for any of their launches. 


Here, stated twice by Mr. Webb, is the fact that we 
don’t really know—we only assume that what we've heard 
is true. 


It may well be; reason and experience suggest that it is. 
But the characteristic that the scientist and the engineer 
have in common is that we challenge even natural “laws”. 
We do not accept other men’s new evidence without test, 
nor new formulae without check. Presumably, there are 
men in NASA who have made such tests and checks in 
this case. And the CIA should have checked the subjec 
out long ago. Wouldn’t it have done a lot of good for our 
morale (and world opinion) to let us know on precisely 
what we base our acceptance of the facts? Or must this 
also be withheld from the public as a “military secret,” in 
line with our apparent policy of admitting only our mis- 
takes and allowing all worthwhile (and some very incau- 
tious) data on defense to issue from Congressmen making 
political speeches? 


The fact is that Soviet security is little better than our 
own. Russian newspapers, for example, contain a great 
deal more information than you might expect. 


Take as a case in point the much-propagandized im- 
provement in Soviet steelmaking—highly mechanized pro- 
duction at high efficiency. But Trud (Moscow) for July 
19 talks of the Alapayezk Steel Combine and the method 
of making ingots. The author says that after pouring, 
the ingots are stripped from the mold (Russian word: 
undressing) then workmen run away to get some air 
into their lungs. Then they don wooden shoes and walk 
back over the ingots to straighten them. 


Conditions in steel mills have, in fact, been so bad that 
the Central Institute has recommended 38 major im- 
provements. Of these, 24 were accepted by mill manage- 
ment, but only four have been tried and only two are 
working. Does this sound like an economy that will 
“bury” us? 


Mu 2u_ 





Johns-Manville makes a specialty of 
building a lively “spring action” into 
Spirotallic Gaskets. Because of their 
superior resiliency, Spirotallic Gas- 
kets can compensate for varying 
stresses and temperature changes 


... follow minor flange separation ... 
and absorb vibration. Even under 
these difficult circumstances, they 
keep a tight, durable seal. 

This quick adaptability has given 
Spirotallic Gaskets a tremendous 
popularity in the field. Their springi- 
ness is due to the special methods 
and control J-M uses in their manu- 
facture. Spring-like metal strips, 
formed into a special vee shape, are 
alternately spiral-wound with an as- 
bestos filler. The filler does the seal- 
ing ... and the vee shape provides 
the “spring.” 

Another reason for the wide- 
spread acceptance of Spirotallic Gas- 
kets is the fact that when the gasket 


\ 


“Spring Action” gives you a leakproof seal 
with J-M SPIROTALLIC* GASKETS 


has been compressed the proper 
amount, it reaches optimum per- 
formance for the bolting. Many dif- 
ferent metals and fillers can be used. 
Each metal is color-coded to aid 
maintenance personnel in quick 
identification of the type of metal 
used. 

J-M produces a wide variety of 
sizes and shapes for standard 
flanges. And for special flanges, J-M 
will design and produce a gasket 
with the precise characteristics you 
require. For complete information, 
ask for J-M catalog PK-35A. Write 
to Johns-Manville, Box 859, New 
York 16, N. Y. In Canada: Port 
Credit, Ontario. 


J OHNS-MANVILLE JM 


Examples of wide range of styles available 
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FLEXONICS f 


SION OF CALUMET & HECLA, INC 
Bast Devon Avenue ~+ Bartiett, titinel 


vi 
6 


Uniformity of effective area and spring 
rate... adaptability to a wide variety of 
fittings ...a broad range of sizes and ma- 
terials ...and proved long cycle life. These 
are sound reasons why leading manufac- 
turers specify Flexonics bellows for tem- 
perature and pressure measurement, shaft 
sealing, even transmitting low-torque 
rotary motion. Important, too, is that the 
majority of these companies rely on 


FLEXIBLE METAL and SYNTHETIC HOSE 


EXPANSION JOINTS 
BELLOWS + SPECIAL TUBULAR ASSEMBLIES 
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FLEXONICS CORPORATION OF CANADA, LTD. 
BRAMPTON, ONTARIO 


aE 


Flexonics to furnish the complete bellows 
assembly. They have learned that the deli- 
cate and intricate operation of applying 
fittings by circular resistance welding, 
inert arc welding, silver brazing and soft 
soldering can be more ably performed by 
Flexonics highly skilled technicians. Full 
responsibility is with one source. Call on 
your Flexonics bellows expert or write for 
Flexonics Design Guide Number 231 


386 East Devon Avenue * 
Bartlett, Illinois = 


Please send my personal copy of 
Flexonics Bellows Design Guide 
No. 231, covering in detail 
Flexonics products and service for 
bellows application. 


In CANADA 


Loanquawasasaranusanenasasanesal 
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THE PLEDGE OF 
PERFORMANCE 
oe os 


DEPEND ON IT! 


a'\ \(o * To) ee 
a \\ (cou 43,1: 813 


—eliminate costly pipe threading operations 
and separate union and swivel connections. 


Anchor SAE 4-Bolt Split-Flange Halves and FLANCO 
“O” Ring Flanged Head Assemblies — available for 
use with Pressed-On and Clamp-Type Reusable Cou- 
plings, and Weld-Type Fittings — offer a new simplicity 
in-connécting hose assemblies to valve or pump parts 
to manifolds, from pipe to pipe, pipe to hose or hose 
to hose. They may be disconnected or reconnected 
time after time without danger of leaks there are 
no threads to wear out, no tapered seats to groove 
The patented design principle of Anchor’s Split-Flange 
Halves prevents tilting of the clamp half and extrusion 
of the ‘‘O” Ring design completely conforms to 
SAE Standards. Use of the highly efficient and widely 
usedsstatic ‘‘O” Ring seal eliminates the use of gaskets 
tapered thredds and sealing compounds the ‘’O’ 
Ring seals the connection. tighter as the pressure in- 
creases, there are no spiral leakage paths. Only ordi- 
nary automotive type wrenches are required to make 
up a FLANCO Assembly. Be sure depend on 
Anchor FLANCO’ Hose Assemblies 


_—_ 
ere EME 
Write for Catalog No. 403 for 


complete description and specifications. 


ANCIHOR Coupling Co.Inc. 


380 North Fourth $t., Libertyville, Il. 
Branch Plants: Dallas, Tex., Plymouth, Mich. 
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A different actuator 
To the Editor: 

We have read your article on linear 
actuators (PE—Sept 18, p 86). Un- 
der mechanical actuators you covered 
the ball leadscrew with motor drive 
which is used in a good many machine- 
tool applications, also is available as 
a complete package from some elec- 
tric-actuator manufacturers. We would 
like to point out that in this area we 
offer a linear actuator of slightly dif- 
ferent design. Our electric linear ac- 
tuator is described in a new-product 
release in PE—July 10°61, p 82. 

—W. P. GETTELMAN 
Jordan Controls, Inc. 
Milwaukee, Wis 


Big, bigger, biggest 
To the Editor: 

I wish to take exception to R J 
Ward, Jr, when he states (PE—Oct 16 
61, p 106) that 200-in. is the largest 
machine for spinning bulkheads. 
Alliance Machine Company built a 
276-in. machine for Lukens Steel 
Company, Coatesville, Penna, about 
15 years ago. —MILO SHUTT 

Union Industrial Co 

(Div Alliance Machine Co) 

Alliance, Ohio 

e The 276-in. flanging machine is very 
familiar to anyone who has visited 
Lukens, was frequently pictured at the 
time it was built. In contrast to the 
usual smaller spinning machine, which 
is essentially an engine lathe, this one 
looks like a 4-column press, with the 
spinning rollers between two columns, 
the work being spun on a vertical axis. 
—EJT 


Metrics? 
To the Editor: 

In practice, I do not see why a 
“conversion” (PE—Oct 2 ’61, p 68) 
could not be effected by putting some 
summer student or apprentice drafts- 
man to the job of writing metric di- 
mensions over or under the present 
British ones. This could be done 
gradually; even if it took three months 
to thus “convert” currently used draw- 
ings, the extra time spent would be 
immaterial. Having done it in many 
instances, I should know. 

From there on it takes a little engi- 
neering judgment to eliminate frac- 
tional millimeters, except in minia- 
turized designs which are largely 
metric anyway. Patterns can usually 
stand the changeover without im- 
mediate modification, and when new 
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ones are made, dimensions can easily 
be rounded off. 

Then, if schools were progressive 
(meaning progressive in the non- 
political sense) enough to have their 
students work design in metric dimen- 
sions, and if American magazines were 
cooperative enough to give dimensions 
in both the old and the modern system 
(as some British magazines have done 
for decades) the transition would be 
quite painless. 

As far as machine shops are con- 
cerned, a changeover would make 
absolutely no difference, as you your- 
selves prove. US machines are in use 
in Europe, and vice-versa, and that 
has to my knowledge never yet both- 
ered an intelligent machinist. They 
seem to have less trouble that way than 
the professors have. 

—Max F WULFINGHOFF 
Erlanger, Kentucky 


COMING EVENTS 





DECEMBER 


12-14... . Institute of Radio Engi- 
neers, AIEE, ACM, Eastern Joint 
Computer Conference, Sheraton Park 
Hotel, Washington 


JANUARY 


8-12 .... Society of Automotive Engi- 
neers, Automotive Congress & Expo- 
sition, Cobo Hall, Detroit 


9-11... . Institute of Radio Engi- 
neers, 8th National Symposium on 
Reliability & Quality Control, Statler- 
Hilton Hotel, Washington 


24-26 . .. . American Society of 
Mechanical Engineers, 2nd Sympo- 
sium on Thermo-physical Properties, 
Princeton Univ, Princeton, NJ 


25-26 .... Univ of Wisconsin, Re- 
search Management Conf, Madison 
Campus, Madison Wisc 


28-Feb 2... . American Institute of 
Electrical Engineers. Winter General 
Meeting. Statler-Hilton Hotel, New 
York City 


29-Feb 1... « American Society 
Heating, Ventilating, Air Conditioning 
Engineers, Semi-annual meeting, Chase 
Park Plaza Hotel, St. Louis 


For a listing of addresses of societies 
and associations send 25¢ to Product 
Engineering Reader Service Dept, 330 
W 42nd St, NY 36. Ask for brochure 
R 32. 
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New, improved Rotolite Expeediter conveniently makes sepia reproducibles 
| and diazo films in addition to low cost whiteprints. 


Make whiteprints 


| = — 
‘In minutes 
| Here’s a new, fast, economy white- 


| printer that fills a real need in small 
| drafting rooms or large engineering 


departments. 


Workprints for architects, consulting 
engineers, surveyors, contractors. The 
Rotolite Expeediter can handle all 
copying needs for the two- or three- 
man drafting operation, is always 
ready to cope with rush jobs, even 
after hours. With Post Super Vapo 
Papers, print production can be 
doubled. 


Quick checkprints for larger manu- 


facturers. Even huge engineering 
divisions with their own reproduc- 
tion departinents praise Expeediter’s 
practical, on-the-spot convenience 
for quick copies of preliminary 
sketches, checkprints, conference 
data, visual presentations. Hun- 
dreds of companies have placed 
Rotolites in their engineering and 
drafting rooms for ‘‘self-service’’ 
whiteprints in a hurry. 


No preheating or other delays—Roto- 
lite makes prints immediately. There’s 
a choice of three models to take 18”, 
27” or 42” wide tracings of any 
length. Rotolite is easily hung on 
wall or placed flat on a table top, 
plugs into any standard convenience 
outlet. With new dial speed control, 
you can make cloth and film repro- 
ductions immediately, as well as 
paper prints. For fast developing, 
choose either economical ammonia 
tube or new, sealed Thermomatic 
unit, illustrated below. 





Recommended print materials. Use 
Post diazotype sensitized prod- 
ucts—Vapo paper, sepia vellum, 
cloth or film—for best results. Get 
full information on Expeediter and 
standard Rotolite whiteprinters 
from your Post dealer or write 
Frederick Post 

Co., 8642 N. 

Avondale Ave., 

Chicago 18, Ill. 


SENSITIZED PAPERS & CLOTHS @ TRACING & DRAWING MEDIUMS © DRAWING INSTRUMENTS & SLIDE RULES 
ENGINEERING EQUIPMENT & DRAFTING SUPPLIES © FIELD EQUIPMENT & DRAFTING FURNITURE 
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WE TAKE THE PULSE OF BEARINGS ON TAPE 
TO MAKE THEM EVEN BETTER! 


fevle iy 

















TO TAPE-RECORD THE “HEARTBEAT” 
OF BEARING METALS UNDER LOAD, 
WE USE THIS SPECIAL FRICTION AND 
WEAR TESTER. (icft) The result is 


highly accurate data on the behavior of 
bearing-metal surfaces, invaluable in our 
fundamental research into friction. By 
means of this instrument, we're able to 
correlate, more closely than ever before, 
specific alloy compositions with their 
degree of the “stick-slip” phenomenon 
(in which one surface sliding over an- 
other slides . . . stops . . . slides . . . stops 
... and so on) which accompanies un- 
lubricated sliding action. We can also 
determine accurately the compatibility 
of bearing materials with shaft metals in 
lubricated systems . . . showing us which 
metal or alloy is most likely to be superior 
for a given bearing application. In short, 
this Friction Tester is a fundamental 
research tool which gives us positive 
answers to difficult bearing problems, 
faster than ever before. 



































ONE REASON WHY F-M SLEEVE BEARINGS 


and other F-M products give you the finest 
possible performance — this and the other 
unusual precision equipment used by 
Federal-Mogul research. You'll find F-M 
sleeve bearings used in turbines, engines, 
and countless other types of power trans- 
mission equipment . . . F-M precision thrust 
washers in pumps, automotive engines and 
transmissions, motors . . . F-M formed bush- 
ings in refrigeration compressors, electric 
motors . . . and low-cost F-M 


spacers in motor mounts, ma- ; i 
chinery, control mechanisms There's much valuable data in our Design Guides on sleeve bearings, thrust washers, and bushings; 
: 7 * and in our brochure on spacers. For your copies, write Federal-Mogul Division, Federal-Mogul-Bower 


Bearings, Inc., 11043 Shoemaker, Detroit 13, Michigan. 


These are just a few examples. 


— — oe P ey sleeve bearings DIVISION OF 
r-EDERAL-MOG U L. Bagi reperac-mocut-sower 
MARINE = BEARINGS, INC. 
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National Tube 
Division of 
United States Steel 


Columbia-Geneva Steel Division, San Francisco, Pacific Coast Distributors 
United States Stee! Supply Division 
United States Steel Export Company, New York 


This mark tells you a product 
s made of modern. dependable Steel. 


Smooth... inside, 
outside...and 
accurate, too! 


For a very fundamental reason, more and more 
Engineers, Designers and Purchasing Agents are 
specifying USS National Electric Resistance 
Welded Steel Mechanical Tubing—it saves money. 

Dimensional accuracy and closely controlled 
mechanical properties insure consistency —consist- 
ently low machining losses, uniform strength, low 
fabrication costs and high torsion resistance—and 
the tubing is smooth inside and outside. 

Whether your tubing application requires the 
dependability for a load-carrying member or the 
surface smoothness quality for a hydraulic cyl- 
inder, USS National Electric Welded Mechanical 
Tubing must be your first consideration. 

USS National Electric Welded Mechanical 
Steel Tubing is available in a wide range of cold 
drawn or hot rolled sizes from as small as %” x 
.028” to as large as 544” x .250”. Your National 
Tube Distributors throughout the country will 
gladly show you how tubing can reduce your costs. 
See your USS National Tube Distributor. 


USS and National are registered trademarks 
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How to select or design a pump 
or pressure lubrication 


by E. H. Schanzlin 
Chief Engineer, Tuthill Pump Company 


Our headline is something of a mis- 
nomer .. . for designing a pump for 
pressure lubrication today would be 
as pointless as designing a dowel pin. 

Instead, there’s a simple and in- 
creasingly popular answer to this 
problem. Practically every impor- 
tant manufacturer of air condition- 
ing or large air compressors . . . man- 
ufacturers of machine tools . . . diesel 
engines . . . plus hundreds of manu- 
facturers of diversified industrial 
equipment from valve operators to 
giant gear boxes . . . have selected 
Tuthill internal gear pumps for this 
demanding application because of 
compact size, economical price, 
quiet operation . . . and, above all, 
for their dependability, proven in 
over thirty years of operation. 


Internal Gear 
Operating Principles 


Tuthill internal gear pumps have 
only two moving parts. The pump- 
ing principle is based on the use of a 
rotor, idler gear, and a crescent 
shaped partition cast integral with 
the cover. 

Power applied to the rotor is 
transmitted to the idler gear with 
which it meshes. The space between 
the outside diameter of the idler and 
the inside diameter of the rotor is 
sealed by the crescent. 

As the pump starts, the teeth come 
out of mesh increasing the volume. 
This creates a vacuum, drawing the 
liquid into the pump through the 
suction port. The liquid fills the 


Tuthill manufactures a complete line of 
positive displacement rotary pumps in 
capacities from 1/3 to 200 gpm; for pres- 
sures to 1500 psi; speeds to 3600 rpm. 
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Tuthill model ORL pump provides pressure lubrication for Lodge & Shipley 
POWERTURN lathes. Mounted in headstock area, this reversing pump is 
driven by a reversing clutch shaft, provides positive reversing action. Ports 


remain constant without use of valves. 


spaces between the teeth of the idler 
and the rotor, and is carried past the 
crescent partition to the pressure 
side of the pump. When the teeth 
mesh on the pressure side, the liquid 
is forced from the spaces and out 
through the discharge port. 


Special Advantages 

of Reversing Pumps 
Tuthill also offers a complete selec- 
tion (375 models) of internal gear 
pumps with a special reversing fea- 
ture. The unique construction of 
these units permits positive revers- 
ing action without the use of valves, 
and with the port positions remain- 
ing constant. 

Reversing pumps are necessary 
when the lubrication pump must be 
driven by a reversing shaft, or when 
machinery must be shipped without 
knowing the ultimate direction of 
the driving unit. 

A good example is shown above. 
A reversing pump is mounted di- 
rectly on the reversing clutch shaft 
in the headstock area of Lodge & 
Shipley’s POWERTURN lathes to 
provide dependable pressure lubri- 


cation of these outstanding machine 
tools. 


Stripped or Cartridge Models 
For extremely crowded applications, 
or extra economy, Tuthill also offers 
a complete selection of stripped and 
cartridge models, in which only the 
basic pumping elements are supplied 
for incorporation directly into your 
equipment. These units have been 
widely used to supply positive pres- 
sure lubrication and hydraulic power 
in many important applications. 


Over 800 Models 


Tuthill’s complete selection of in- 
ternal gear pumps includes over 800 
different models from stock for ca- 
pacities from 4 to 200 gpm; for 
pressures to 500 psi; and speeds to 
3600 rpm. Specially designed hous- 
ings, shaft extensions, relief valves 
and many other features can be 
developed by Tuthill engineers for 
specific applications. 

Write for complete catalogue No. 
100 . . . or send us drawings on 
your application so Tuthill’s engi- 
neers can make specific suggestions. 
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LINK-BELT SPEED REDUCERS... 


ceared for every speed and need 


GEARMOTORS UNIVERSAL WORM GEAR WORM GEAR 
AND MOTOGEARS SPEED REDUCERS SPEED REDUCERS 


IN-LINE HELICAL PARALLEL SHAFT SHAFT-MOUNTED 
GEAR SPEED REDUCERS SPEED REDUCERS SPEED REDUCERS 


industry’s most comprehensive speed reducer line! 


W! TH Link-Belt’s broad line to choose from, you = See the Yellow Pages for your nearest 
can plan any speed reduction setup . . . exactly ys Link-Belt office. Look under “Speed 

meet your requirements for ratio, space, shaft posi- ¢ Reducers.” Ask for catalogs on any 
tion, shock loading and other service factors. Link- \ or all of the speed reducers shown 
Belt’s seven basic types of speed reducers—each in a above. 
wide range of sizes and ratios—give you complete 
flexibility in drive layout. 

There’s another important advantage in calling on 4 
Link-Belt for your speed reduction needs. Link-Belt B t LT 
makes all related drive components—chains and 
sprockets, bearings, couplings all dimensionally — LINK-BELT COMPANY: Executive Offices, Prudential Plaza, Chicago 1. 
related with these reducers. This one-source service To Serve Industry There Are Link-Belt Plants, Warehouses, Dis- 
assures you of a smooth-working, perfectly matched Cee Teen Oke Nee eT ee ll Priacipal 


/ ; ; $ New York 7; Australia, Marrickville (Sydney); 
set of equipment. No alignment problems. . . no need Brazil, Sao Paulo; Canada, Scarboro (Toronto 13); South Africa. 
Springs; Switzerland, Geneva. Representatives Throughout the 


to exchange drawings with other suppliers. World. ' 
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PHILADELPHIA GEARS AND DRIVES 
power BMEWS and TRADEX antennae 


When the giant radar tracking antennae for our ballistic 
missile early warning systems zero in on a 16,000 mph 
missile . . . and then hold it in dead center focus . . . there 
can be little margin for error. 

Che delicately sensitive, ultra precision movement of most 
of these big scanning dishes depends upon Philadelphia 
gearing and gear boxes. 

Azimuth and elevation gearing is precision cut to extremely 
close tolerances. For installations involving severe loading 
cycles, the gearing is induction hardened to assure depend- 


able long life and to maintain accuracy of teeth over an 
extended life period. 

Rugged gear boxes are proportioned to critical stiffness 
requirements and gearing is precision ground throughout 
to assure minimum backlash and uniformity of perform- 
ance from box to box. An added benefit is assured relia- 
bility over designed life expectancy. 

Need a better solution to your gear and drive problems? 
Then write for our catalog, “An Advanced Concept in 
Modern Gears”. 


PHILADELPHIA 
GEAR DRIVES 


PHILADELPHIA GEAR CORPORATION © King of Prussia (Suburban Philadelphia), Pa. 
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SILICONE NEWS from Dow Corning 


Lubricants That Last 





Silicone Lubricants Beat the Heat... 
Won’t Oxidize In Service or On Shelf 


Typical of the new designs made trouble-free with the aid of heat-stable 
Dow Corning Silicones is the magnetic clutch shown above. Manufactured 
by Vickers Incorporated, Electric Products Division, Sperry Rand Corp., 
St. Louis, Mo., this clutch can slip continuously, and therefore, must 
dissipate heat . . . heat that is conducted to the ball bearings. To lubricate 
these bearings, Dow Corning silicone grease was specified because it 
doesn’t thin out and run away when temperatures skyrocket. Nonoxidizing, 
silicone grease remains operable for many years despite continuous tem- 
neratures of 450 F and higher. 


YEAR “ROUND LUBRICATION ... INDOORS AND OUT. Silicone lubri- 
cants withstand both cold and heat . . . give all-year lubricity to outdoor 
mechanisms such as parking meters. Viscosity of silicones remains vir- 
tually constant down to —100F ... won't stiffen. Silicone lubricants also 
provide excellent shelf life. thus assuring instant starts for equipment 
left in storage for extended periods. 


If your special design encounters any of the conditions just mentioned 
high heat. cold, extended shelf life, weathering — a Dow Corning silicone 
grease will probably end your lubricating problems on metal, plastic or 
rubber parts. Send for literature, or outline your lubrication problem on 
your letterhead and we'll send you a free sample. Be your own judge. 
Address Dept. 5224a today. 


See Ta em ee 





ek eer RIE 


The nearest Dow Corning office is your 
number one source for information and 
technical service on_ silicones. 


ATLANTA BOSTON CHICAGO 
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CLEVELAND 


LONG SHELF LIFE—Lubricated with silicones, 
timing devices, made by Appliance Manufactur- 
ing Co., for automatic dryers, operate accurately 
and quietly after extended storage 


HEAT & COLD—Silicone lubricants pr 
on parking meters from freezing up 
nate lubrication problems. 


ent locks 
elimi 


IN psi 


OXYGEN PRESSURE 


TIME IN HOURS AT 20°F 
The excellent oxidation resistance of silicone 
lubricants is shown After 500 hours of 
exposure to oxygen under 110 psi at 210 F, with 
a brass catalyst, silicone lubricants caused a pres- 
sure drop of only 1.5 pounds. 


above 


Dow Corning CORPORATION 


MIDLAND. MICHIGAN 


DALLAS LOS ANGELES NEW YORK WASHINGTON, D. Cc. 
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Standard Forge & Axle Co. forges 5-inch by 
\%4-inch Pittsburgh Seamless Mechanical Tube 
ends down to 25%" solid steel wheel spindle ends 
(cross section above). The Moi:tgomery, Ala., 


plant then machines and grinds bearing surfaces 
to .0005-inch tolerance to produce single - piece, 
20,000 pound capacity trailer axles. Trailer opera- 
tors benefit from higher payloads because... 


They Throw Away The Holes—And Save Weight 


The trick in making a seamless 
steel tube is piercing a hole in a round 
of solid steel. 

But Pittsburgh Steel Company’s 
Seamless Steel Mechanical Tubing 
makes the full circle in production 
of trailer axles at Standard Forge & 
Axle Co., Montgomery, Ala. 

Standard, in effect, throws away 
the holes by forging the tube ends 
down to solid steel again, leaving 
only a hollow steel center and 
spindle section. 

The result: a lightweight, one-piece 
trailer axle made entirely from a 
single length of seamless tube—in- 
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cluding load bearing wheel spindles, 
precision ground for bearing and 
seal seats. 

The advantage: assured 
strength and safety of seamless 
steel, plus, for example, reduced 
axle weight for trailer operators 
in a 20,000 pound capacity axle. 

Starting with a seamless steel tube 
5” x 4” x 87%” for this particular 
axle, Standard upsets both ends, then 
swages them down to the shape of 
a spindle with a 2%” solid end. 

That’s deformation of the rough- 
est kind. 

But Pittsburgh Seamless Mechan- 


ical Tubing takes it in stride, then 
bounces back under heat treatment 
with the physical properties required 
for precision finishing of the critical 
spindle surfaces, and the toughness 
necessary for a long life in hard 
service. 

And that kind of performance 
takes seamless steel tubes with 
exceptional internal soundness, 
consistent grain structure, and 
chemical and dimensional 
uniformity. 

Pittsburgh C-1040 grade Seamless 
Mechanical Tubing supplies these 
properties consistently —for this type 
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After upset, Pittsburgh Seamless Me- 

chanical Tubes, with 5-inch OD and 

\4-inch wall, are swaged to solid steel 

spindle shape on drop forge, at right. bs 

Standard’s heat treating process re- ari fay 
| 








fines grain, restores toughness of steel. 


Standard also produces high-strength inserted spindle trailer 
axle by inserting forged alloy steel spindle with 4.065-inch OD 
into 4.040-inch burnished ID of 5-inch seamless steel tube under 


50,000-pounds pressure. 


axle and for Standard’s high-strength 
inserted spindle type. 

James A. Rumbley, Standard’s 
sales manager, says: 

“Trailer axles are high-weight 
carrying members subject to tre- 
mendous load shocks. So we use the 
finest materials available to assure 
our customers trouble-free service. 
Seamless steel mechanical tubes help 
us to do that, with complete safety 
and at less weight. 

“For many years, Pittsburgh 
Steel Company has been one of 
our major tubing suppliers. It 
has left nothing to be desired 
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Standard Forge & Axle Sales Manager James A. 
Rumbley says Pittsburgh Steel Company, as 
longtime major supplier of seamless mechanical 
tubes, ‘‘leaves nothing to be desired in product 
or service.”’ : 
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either in product or service.”’ 
That’s standard practice with 
Pittsburgh Steel—whether supply- 


Standard’s specific requirements, or 
to yours. Be certain with Pittsburgh 
Seamless. Contact one of the district 


ing seamless mechanical tubing to offices listed below. 


Pittsburgh Steel Company 


Grant Building ° Pittsburgh 30, Pa. 


DISTRICT SALES OFFICES = Dayton 
Atlanta Cleveland Detroit 
Chicago Dallas Houston 






Los Angeles Pittsburgh 
New York Tulsa 
Philadelphia Warren, Ohio 
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ALTERNATE ACTION 
LIGHTED PUSHBUTTON 


Reliable snap-action switches 


Here is a new concept in ultra-small lighted pushbutton 
switches for control with integral simultaneous visual 
indication. Switches in the “'300"’ series are designed for 
military and industrial electronic control panels where 
space is an important factor. 


In less than one cubic inch: double-pole double-throw 
switching; two integral lamps; choice of 15 combinations 
of two-color display screens. Alternate-action operation 
(push on—push off). Designed to conform to MIL-S-6743, 
MIL-S-6744, and MIL-E-5272. 


Within the assembly are two SPDT switches, rated 7 
amps. 115-230 vac or 28 vde. A 5-volt sub-miniature lamp 
is under each half of display screen and there are 15 
combinations of color display available. The complete unit 
snaps into panels 0,047 in. thick or greater. No installa- 
tion tools needed. Minimum mechanical life is 100,000 
operations, Lamp life is 60,000 hours at rated load. 


Available in the same size are a momentary-action 
switch, and an indicator unit without switching function. 
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NOTE - 

Ad-.8902929 wide sor FoR 
ADJACENT MOUNTING OF 
UNITS. FOR INDIVIDUAL 
MOUNTING .890*: X.812 MIN 
RECTANGULAR Hole” 


LAMP LOCATION 


.047 MIN PANEL | 
THICKNESS 
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for electronic control panels 


CUSTOM-BUILT CONTROL PANELS REQUIRE CAREFUL SELECTION OF SWITCHES 


Immediately available are hundreds of small size switch 
units with variations in dimension, electrical capacity, 
shape, appearance and circuitry. All have undergone 
thorough tests in the most complete test laboratory of 
its kind. 


Shown above and briefly described here are only a few 
of the hundreds of types of switch assemblies available. 


1. Electronic switch-circuit for bounce-free voltage output. 
2. Light force, rapid repeat pushbutton. 


MICRO SWITCH, FREEPORT, ILLINOIS 
A division of Honeywell 
in Canada: Honeywell Controls, Limited, Toronto 17, Ontario 
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3. Synchronized “‘one-shot"’ pulse circuit. 

4. Compact, 4-pole snap-action pushbutton. 

5. Lighted pushbutton, modular design, barrier mount. 

6. Lighted pushbutton, electronic ‘‘one-shot"’ switch-circuit. 

7. Two-color lighted pushbutton, snap-in flange mounting. 

8. Bushing mount lighted pushbutton, high capacity, 2-ckt 
switch. 

For more information and for experienced help in selec- 

tion, contact one of our many branch offices listed in 

the Yellow Pages, or write for Catalog 67 and Bulletin 22. 


Honeywell 
MICRO SWITCH Precision Switches 
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Tough, durable Mylar 
cuts costs...improves 
product performance 


- 
é a5 Pan! 
1. Pressure-sensitive tape of 2. Metallic yarnsof“Mylar” 3. Volatile corrosion-inhibi- 
“Mylar” is thinner, stronger. staysparklingthroughdyeing, tor packages of “Mylar” fight 
Resists tearing and corrosive washings and wearings, even rust, offer easy identification 
chemicals and moisture. in sun and salt water. of parts. 
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For example, “‘Mylar’’* polyester 
film’s high tensile strength in thin 
gauges helps make products 
lighter, less bulky. Yet they last 
longer. Right now, “Mylar” with 
its resistance to heat, cold, chem- 
icals and moisture is improv- 
ing the performance of products 
as different as lustrous metallic 
yarns and tough, flexible exchange 
cable. 

Can this unique plastic film and 
products made with it help you? 
For moreinformation on “‘Mylar’’, 
write: Du Pont Co., Film Dept., 
Room #8, Wilmington 98, Del. 


***Mylar’’ is Du Pont's reg 
iste trademark for its 
brand of polyester film 

Rte u's eat off 


Better Things for Better Living through Chemistry 


DU PONT 


MYLAR 


ak @) A SS 
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Bendix Electric Tooth Clutch 


BENDIX ELECTRIC CLUTCHES PUT “PUNCH” IN MACHINE OPERATION 


One good way to get the extra response it takes to outperform competition is to include Bendix® Electric 
Clutches in your machine designs. They engage and disengage faster, accelerate smoother, permit 
faster machine operation. Available in both tooth and multiple-disc types, they provide more positive 


clutching, more torque in less space. Bendix Electric Tooth Clutch. For positive, high-torque transmission; 


wet or dry applications. Lightweight, compact, has only 3 parts. Mounts easily; may be engaged at relative 
speeds. Disengagement possible under full load while running at maximum rpm. Available in torque 
capacities of 40 to 4,000 ft.-lbs. Bendix Electric Multiple-Disc Clutch. Provides precise control and quick 
response in high-frequency operations. There is no flux path through the magnetically isolated disc 
stack. Slip ring or stationary field design. Wet or dry applications. Want more facts? Write The Bendix 
Corporation, Eclipse Machine Division, Elmira, N. Y. 


Export Sales and Service: Bendix International, 205 Bendix-EImira 
E. 42nd St., New York 17, N. Y. 


Bendix Electric Multiple-Disc Clutch 
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To keep production up... 


PICK 
FROM 
THIS 
PROTECTED 


TYPE JP 
Explosion 
proof 


TYPE EP 
Standard 
TEFC 


Here’s a power-packed pair of Wagner® totally-enclosed fan-cooled 
motors —-Type EP, standard, protected against damage from dust, 
abrasive, fumes, steel chips or filings; and Type JP, explosion-proof, 
for safe use in specified hazardous locations. 


They’ll keep your production rates up, delivering full rated horsepower 
under the toughest conditions . . . staying on the job with dependable, 
continuous service that means peak output. They’re the perfect 

pick, for individual machines or for automated lines. 


In the design illustrated, these motors are built in ratings through 100 hp 
in NEMA frame sizes 182-445U. Let your Wagner Sales Engineer show 
you how this protected pair (or larger Wagner enclosed motors through 
500 hp) gets the job done. Call him, or write us for Bulletin MU-224. 


Wagner Electric Corporation 


6406 PLYMOUTH AVENUE, ST. LOUIS 33, MISSOURI 


HEAVY-DUTY BALL BEARINGS...The ball BEARINGS CAN BE RELUBRICATED... SECURELY SEALED FOR LOW MAINTE- 
bearings used in these motors are of the Factory lubrication will last for many years NANCE...Both ends of these motors have 
highest quality, with more than ample under normal service, but openings are running shaft seals to keep the bearings 
capacity to provide long, troublefree serv- provided to permit relubrication that adds clean. Bearing housings are effectively 


ice under heavy loads. 


years to motor life under severe conditions. sealed to prevent escape of grease. 
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For YOUR File... New i 
* 


new Industrial Retaining Ring Catalog, No. 61, 

ns complete information and engineering specifica- 

on IRR Internal and External Retaining Rings—both 

axial and radial assembly—from sizes .040” to 4.125”. 

It also has information of the exclusive, time-saving, IRR 

“PRE-STACKED” Axial Assembly Rings as well as informa- 
tion on IRR Pliers and Accessories. 


The Industrial Retaining Ring Catalog is easy to work with 
and from. It will greatly assist in design, purchasing and 


© © production. 
I F _~», Originators of modern retaining ring dispensing 


INDUSTRIAL RETAINING RING COMPANY 
57 Cordier Street, Irvington 11, New Jersey 





RPOR UE SOP TREE 
INDUSTRIAL RETAINING RING COMPANY 


Use for 57 Cordier Street, Irvington 11, N. J. 
FREE Samples Please, send me samples of Industrial Retaining Rings and 

the new IRR Catalog No. 61; 
and Catalog 


Company 


City Zone 
ATE TRS 
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BOSTON... QUALITY 


largest selection .. .14%2° and 20° P.A. 
standard stock gears 


Off-the-shelf delivery - from local stock 
1781 types and sizes 14%° P.A. —- 48 to 3 pitch 
782 types and sizes 20° P.A. —- 120 to 4 pitch 
Spur, bevel, miter, worm, helical, spiral miter, internal 
Brass, steel, iron, nonmetallic. See Catalog 57. 
IN STOCK at your nearby DISTRIBUTOR 


BOSTO 
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Quincy 71, Mass 





ALLEN INTRODUCES | 














NEW general-purpose LOCKNUT holds 
positively tight even after repeated 
on-off cycles . . . provides a ‘‘com- 
mercial” locknut in the “aircraft” 
quality range... offers strength with- 
out bulk for heavy-duty applications 


True to its name, the LOKON nut locks on a companion 
threaded member with a can’t-shake-loose grip . . . holds 
indefinitely against heaviest impact and vibration. Because 
the basic design allows adequate deformation of the “turret 
top” without overstressing any portion of the periphery, 
“LOKONS” are highly resistant to fatigue failure. And, 


through closely controlled heat treatment, a degree of elas- Only “I OKONS” offer all these extras 


ticity is achieved which permits re-use time after time without 


significant impairment of the locking action. ene all without EXTRA COST! 


LOKON locknuts assemble fast and easy .. . start with finger 


spinning . . . tighten smoothly . . . lock at any point as soon 
as the threads in the elliptical section are fully engaged, and ONE-PIECE, ALL-METAL CONSTRUCTION — The LOKON 


are readily removed without damage to the nut or mating part. design requires no segments, inserts or other auxiliary lock- 
Investigate LOKON at the first opportunity. Discover the ing devices. 
many ways this major development in locknuts can save you HIGH-GRADE ALLOY STEEL — Heat treated to Re 26/30. 


time and cut costs. Test samples* and engineering data are : R ‘ : 
yours for the seking. And, for prompt, off-the-shelf delivery, Imparts tensile strength in excess of 250,000 psi and provides 


call your nearby Allen Distributor who carries full stocks of lasting spring tension for unlimited re-usability. 
ae OC @ Rea ae See CLASS 3B THREADS — Comply fully with specification 
MIL-S-7742 and H-28 Handbook. 


*Currently offered in sizes from No. 10 through 144”, UNC and UNF threads 
Other sizes available soon . 
BUILT-IN FLANGE — large-area bearing surface saves 


HOW ZOKON LOCKS washer cost, speeds assembly, reduces indentation. Face of 


sks Cea flange is held square with threads to insure even distribution 
of stresses throughout the flange and thread area. 





The threads in the tapered crown of 
the nut are slightly distorted from the 
round. When assembled to a companion DIMENSIONAL ACCURACY — Allen “pressur-forming” 
threaded member, this out-of-round con- processes control grain flow, hold tolerances to consistently 


dition causes the nut to resist free —_ 
entry of the mating part. As the metal close limits, and produce fully-formed hex corners for sure- 


flexes in an effort to conform to the grip wrenching. 
circular pattern of the male threads, HIGH TEMPERATURE SERVICE — Performance is unof- 


friction on the flanks of the nut threads ° 
is increased. The compressive forces fected at temperatures to 550°F. 


exerted as a result of this diaphragmatic flexing action produce MILITARY SPECIFICATIONS — LOKON locknuts fulfill the 
a positive, powerful locking grip. performance requirements of MIL-N-25027. 


ality y .% i ¥ a RE THE ALLEN MANUFACTURING COMPANY © HARTFORD 1, CONN.. U.S 
"lt 
“ , PLANT AT BLOOMFIELD, CONN © WAREHOUSES IN CHICAGO, CLEVELAND, LOS ANGELES 


FOR OVER SO YEARS, MAKERS OF FAMOUS ALLEN SOCKET SCREW PRODUCTS 


\\ 


Uy wn 
Vi” 
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Ideas from Tinnerman have cut costs, improved 

INFORMATIVE NOTES products. Here are examples from Tinnerman’s 
10,000 variations of SPEED Nut brand fasteners 

710 IMPROVE YOUR PRODUCT —all stamped with the T-mark of total reliability. 
SAVE YOU MON FY Tinnerman can help you cut costs with a free 
eee Fastening Analysis of your product. Call your 


Tinnerman representative, or write: Tinnerman 


Published ead neg i fo Products, Inc., Department 12, P. O. Box 6688, 
Designers and Engineers Cleveland 1, Ohio. 


VERSATILE COMPRESSION RING has solved fastening prob- 
lems in car radios, pressure gages, washers, and speaker 
cabinets. Simply squeeze compression fingers with pliers to 
expand ... release, and spring tension maintains firm connec- 
tion. Heat-treated spring steel of this SPEED CLip® fastener 
won't lose tension, won’t loosen under vibration. Possible 
applications are practically unlimited. 


BOLT RETAINER used to fasten grille extensions to car fenders, 
has potential usage in any field where high-torque fastening 
is required on thin metal sections. This SPEED Grip” fastener 
eliminates costly welding or staking, speeds assembly, allows 
savings in labor’costs and parts handling. Barbs locate fasteners 
until nut is driven. One of Tinnerman’s extensive line of 
SPEED Grip nut and bolt retainers. 

















ELECTRONIC CONTROL CLIP retains tuning switch on chassis, 
gives constant spring tension for both push-pull and revolving 
controls ...can be used wherever electronic controls are 
installed. This multipurpose SPEED CLIP fastener replaces 
threaded nuts, bushings, lockwashers. Cuts costs substan- 
tially. Live spring action lasts for the life of the equipment. 


WIRE RETAINER is ideal for attaching single wire, light 
harness, cables or tubing. This SPEED CLIP fastener can be 
preassembled on the harness, allowing an entire wiring system 
to be snapped into place in seconds. Double embosses on upper 
clamping leg trap cold-flow tendencies of vinyl covered cord, 
assure 35 pound pull resistance. Clip will accept any wire or 
bundle up to .306” x .515”. 


CANADA: Dominion Fasteners Ltd., Hamilton, Ontario. 

GREAT BRITAIN: Simmonds Aerocessories Ltd., Tre- 

forest, Wales. FRANCE: Simmonds S.A., 3 rue Salomon 

de Rothschild, Suresnes (Seine). GERMANY: Mecano 
Simmonds GMBH, Heidelberg. 
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Plaques of tough Butyrate plastic 


give super-service 
at gas pumps 





— 


PURE 
Firebird 


REGULAR 

















Plaques vacuum-formed by Dualite 
Products, Inc., Cincinnati 27, Ohio, from 
sheet of Tenite Butyrate extruded by 
General Plastics Corp., Marion, Indiana. 
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Toughness, 
weatherability, 

and eye-appeal 

are some of the 
reasons The Pure Oil 
Company chose sheet 
of Tenite Butyrate 

for these three- 
dimensional plaques. 
Mounted on 72,000 
service station pumps, 
they build recognition 
for the new “Firebird” 
brand of gasoline. 
And they'll stay bright and new-looking. The plastic sheet is 
extruded of a special outdoor formulation of Tenite Butyrate 
that endures weather and temperature changes, sunlight, 
wind, rain, snow, and hail, along with gasoline, oil, and 
air-borne dirt and grime. The inherent toughness and 
resilience of Butyrate sheet minimize breakage during 
manufacture, shipment, and installation, and throughout 

a long service life. 

In producing the plaques, economies resulted from 
silk-screening the colors in distortion on the reverse side of 
clear-transparent Butyrate sheets. Subsequent vacuum- 
forming prcduced the three-dimensional plaques with 
striking legibility and excellent registration of the color 
patterns. The decoration is protected by the thickness of the 
clear Butyrate sheet and enhanced by its surface gloss. 

If sheet of tough Tenite Butyrate plastic, in clear-transparent 
or testéd outdoor colors, suggests ideas for improving your 
product, get more information and a list of suppliers from 
EASTMAN CHEMICAL PRODUCTS, INC., subsidiary of 
Eastman Kodak Company, KINGSPORT, TENNESSEE. 
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.-. the quality-engineered package 


that simplifies speed reduction 


Rugged, semisteel housing holds bear- 
ing seats in line for entire life of unit. 
Laughs at loads. Corrosion resistant. 


AGMA rated helical gears. Soft cores 
withstand shock; hardened surfaces 
defy wear. Teeth are crown shaved. 


Gears are located between bearings 
and carry their loads without strain. 
Longer life, higher efficiency. 


DODGE TORQUE-ARM, America’s 


most widely used shaft mounted speed reducer, will save money for you. No 
foundation, no sliding motor base, no flexible coupling, no installation fuss. 
Developed and perfected by Dodge, this reducer has been so widely accepted in 
industry that it is now built and stocked in this unmatched range of sizes and 
models: capacities up to 170 hp; output speeds from 10 to 400 rpm; ratios of 5:1, 
15:1, 25:1; speed ratios up to 175 to | with correct selection of speed reducer 
and V-belt drive. Built-in backstop available. Also positive overload release. 
Vertical models. Flange mounted models. Special application models ...Go 
modern—go Torque-Arm! See your Dodge Distributor, or write us. Unit slides completely onto shaft and 


locks on both sides of housing. This 


Dodge Manufacturing Corporation, 1200 Union St., Mishawaka, Ind. baby stays put—runs truer longer. 





of Siikaweka, Ind. 


CALL THE TRANSMISSIONEER, your local Dodge Distributor. Factory trained by 
Dodge he can give you valuable assistance on new cost-saving methods. 
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CLEARPRINT PAPER CO. 
1482 - 67th St., Emeryville, Calif. 


[] Send me Clearprint Fade-Out samples, with prices, for the 
following uses:____ ane 
Name 

Firm 

Address 


City__ Zone State 


s 
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in csabteaey 
_/ MERCURY outboard 
a motors 


Hydroplane speeds averaging 
over 107 miles per hour, run- 
about endurance runs of 50,000 
miles in 68 days and outstanding 
power exhibitions by Mercury 
outboard motors are a true test 
of component performance. 
MCGILL split center main bearing 
sleeves are used in 60-80 horse- 
power six cylinder Mercury out- 
board motors and have played an 
important part in the high stand- 
ards of performance set by these 
motors. 


engineered electrical produets 


MloGILL 


preciston nee tle roll r bearings 
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MSGI L L” can solve your 


special purpose bearing problems 


You may have found that a special bearing is the only way to add 
anti-friction advantages to non-standard shaft and housing dimensional 
combinations—perhaps a special type bearing incorporating odd shaped 
components or adjacent machine members will do the job best. Such 
special bearing design and production is part of everyday activity with 
MCGILL. So don’t design around a bearing barrier until you have con- 
sulted MCGILL creative engineering. They will welcome an opportunity 
to make recommendations. 


FAWICK AIRFLEX DIVISION 
magnetic clutches employ 
McGILL special ball bearing 


A special MCGILL precision ball bearing was developed to meet the exact- 
ing anti-friction requirements of the Fawick Stationary Field Magnetic 
Clutch. This extremely narrow and thin section bearing of comparatively 
large bore diameter is built to precision tolerances to accurately position 
and align all moving parts in relation to the stationary coil. Radial fit up 
is closely controlled to provide accuracy of magnetic flux air gaps. 
Retainer is nonmagnetic. Fawick relies on the MCGILL bearing to facili- 
tate the rapid and smooth response of the clutch even when operating at 


high cyclic rates. 


CAMROL® bearings protect reliability 
of IBM accounting machines 


MCGILL CF Series CAMROL bearings 
improve performance and provide 
an additional safety factor for 
greater reliability in IBM 407 Ac- 
counting Machines. The CAMROL 
bearings are located on the card 
feed cam follower arms and they 
operate a pressure plate on the 
sensing unit of this high speed card 
feed. The 1BM 407 Accounting Ma- 
chine combines outstanding arith- 
metic ability and printing at a speed 
of 150 lines per minute. 


Send for free copy of McGill Bearing Catalog No 


MULTIROL-GUIDEROL-CAMROL-CAGEROL 
McGILL MANUFACTURING CO., INC., Bearing Division 
201 N. Lafayette Street, Valparaiso, Indiana 
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Cancel These Tolerances 
Specify GASK-O-SEALS' 


There are more than 5 vital dimensions in the standard 0-ring-in- 
groove installation. Just one of these dimensions, if out of tolerance, 
can cause an imperfect seal and a resultant leak. Moreover, these toler- 
ances can build up adversely without always being detectable. For 
instance, the total build up in a regular static o-ring gland design 
amounts to as much as 51% of cavity. It’s only 3% in a Gask-0-Seal! 


The problem of tolerances is eliminated when you use Gask-0-Seal . . . 
It's taken care of in its unique design and manufacture using the 
principle of controlled confinement. Gask-0-Seals eliminate 95% of 
inspection time. Absolute reliability is built-in. 


In addition, Gask-0-Seals provide metal-to-metal contact, low fastening 
torques, visual inspectability after installation, no groove machining, 
and re-usability. 


All of this means real no-leakage dependability . 
the utmost in gasket reliability. 


Why not get all the facts about this versatile 
no-leakage seal. We'll be glad to send you complete 
information. 





EFORE FASTENING AFTER FAST ENING 


Codhalid Cris if, 





THE VERSATILITY OF 
GASK-0O-SEALS IS SHOWN 
BY ABOVE SAMPLES 

ONE OF THEM SEALS 3 
DIFFERENT MEDIA AT 9 
POINTS ALL IN 

ONE GASKET! 


fear er SEAL COMPANY 


ulver City, California and Cleveland, Ohio 
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FROSTWOOD 


... molded articles of Pelaspan offer 

















An exciting new dimension of texture is captured in F'rostwood* molded articles 
. . . produced by injection molding Pelaspan” expandable polystyrene beads. 
Frostwood molded articles have a distinctive swirled texture reminiscent of 
rich, fine wood grain. Because the wood grain pattern never repeats itself exactly, 


every article becomes an original. eTRADEMARK 
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a foam core with a hard, textured skin! 


The ability to create Frostwood molded articles offers designers a vast, untapped potential for 
products of every description . . . for housewares, such as carafes and thermal tumblers. . 
furniture parts, such as chair backs . . . appliance shells . . . and for other design applications 


where appearance is a major consideration. 


Frostwood molded articles are made by injection molding Pelaspan expandable polystyrene 
beads. A special technique produces molded articles having a lightweight core of foamed poly- 
styrene with durable, shock-resistant, textured surface. Frrostwood articles offer high thermal 
insulating efficiency, plus unique one-of-a-kind texturing which gives F’rostwood molded products 


eye-catching, sales-making beauty. 


Frostwood molded articles can be produced from Pelaspan by a special technique, on most standard 
injection molding equipment. There are few limitations on shape and contour. Here are almost 


unlimited new product design possibilities! 


Dow Plastics Technical Service Engineers will help you adapt this material to your design 


problems. Write us today in Midland, C/O Plastics Sales Department 1722DZ12-11. 


THE DOW CHEMICAL COMPANY Midland, Michigan 


ELECTRIC SHOE BUFFER by Royal ELECTRIC CAN OPENER by Westing- EXHAUST FAN by Berns Air King. 
Master. Styron® plastic offers wide house. Colorful housing of Styron Grille of high-impact Styron plastic re- 
color range, high impact strength and plastic combines excellent moldability sists shock and vibration. Grease and 
light weight to this unique product with food and chemical resistance. stains wipe clean in a jiffy. 
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Compact, Dependable, Quiet and 
Powerful that’s what The Pfaudler Co. demands of gear 


reducers used for the agitator drives on their 
glassed-steel and alloy mixing vessels. That’s why 
Pfaudler specifies Cone-Drive double-enveloping 
worm gear reducers for their line of TW Agitation 
Drives. 

Cone-Drive gear reducers are available in capaci- 
ties up to 60 HP and with 27 standard output 
speeds from 7.3 to 525 rpm (with 1750 rpm motor). 
Gear reducers can be hollow-shaft or solid shaft for 
left-hand, right-hand or vertical mounting. 


Hollow-shaft gear reducer shown in the appli- 
cation above has a 5” center distance and 30 HP 
maximum rating. Fan cooled models are available 
for increased thermal capacity. If maximum thermal 
HP capacity is required (equal to full mechanical 
HP ratings), water cooling coils may be installed. 


CONE-DRIVE GEARS ovision MICHIGAN TOOL COMPANY 


7171 E. McNichols Road e@ Detroit 12, Michigan e@ Telephone TWinbrook 1-3111 
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hen an aluminum weld stops a 37mm high-explosive shell... 











ALCOA ALUMINUAA 


ALUMINUM COMPANY OF AMERICA 


When an.aluminum weld stops 
a 37mm high-explosive shell . . . 


that’s Alcoa Total Ability at work! 


Blam! A 37mm high-explosive shell slams home 
right into the weld. It holds, and weldable Alcoa* 
Aluminum Armor Plate passes its last test. Next 
stop: armored vehicles for our defense forces, 
giving personnel the protection of steel at a sav- 
ing in weight . . . adding vital speed, range and 
air-borne mobility. 

This 14%4-in. “H” plate of Alcoa Alloy 5083 is 
welded by the inert gas shielded method, using 
Alcoa 5356 consumable electrode. Aluminum is 
field-weldable! Portable gear goes along by jeep 
or mechanical mule, independent of power or 
cooling water. 

Whatever the joining method for aluminum, 
you get more savvy (and the best materials) from 


Alcoa. It follows. Alcoa perfected most of the 
Welding, brazing or soldering? Alcoa kno 
how to boost quality, hold down costs. For 
chanical fastening Alcoa makes bolts, nuts, rive 
washers, screws and “specials” to your ord 
And they’re made of the proper alloy, fully hez 
treated to insure lasting strength. 

Alcoa also supplies aluminum sheet and pla 
extrusions, impacts and castings in all alloy 
tempers and finishes. Stands to reason, the 
we've no favorites among them. Your needs c 
the shots for Alcoa Total Ability! Find out me 
from the Alcoa sales office near vou, or writ 
Aluminum Company of America, 8S7-M Ale 
Building, Pittsburgh 19, Pa 


ALCOA ALUMINU 
Entertainment at Its Best ALCOA PREMIERE 


with Fred Astaire as Host Tuesday Evenings, ABC-TV é ALUMINUM COMPANY OF AMERICA 





| 
‘Ye 


i, 
G . 


, Ss 
Ms ~\ 
RBRBAZY 7 


a << 


- 


SAR / 
ie 


~ 


ALCOA ALUMINUM: EASY TO JOIN BY ANY METHOD! 


1, Aluminum pleasure boat combines light weight and high speed 
with the rugged strength and durability of all-riveted construction. 


2. Aluminum superstructure for the guided-missile destroyer 
U.S.S. Dewey uses Alcoa alloys welded by 1G consumable-elec- 
trode method. 


3. Alcoa Aluminum superstructure for electrical transmission tower 
is made of welded subassemblies, bolted together in the field 


4. Aluminum leisure furniture made of Alcoa welded tube keeps 
its smart good looks for years, fastened right with rustproof. alu- 
minum rivets, sheet metal screws. 


5. All-aluminum electrical substation: Special wite-flange beams 
are bolted; main and line section buses and taps are welded tube. 


6. Ail-aluminum personnel boat is Alcoa Alloy 5456. Welded faster 
than steel, it ends sandblasting, metalizing, stress-relieving. 


















































To make your own black-and-white 
slides — quickly and economically — 
here’s all you have to do: snap a picture 
with a Polaroid Land Camera loaded 
with special transparency film. Then 
pull a tab, wait a moment and open the 
rear of the camera. 

There’s your transparency. 

After a quick hardening and mount- 
ing in a snap-together frame, the slide 
is ready to be dropped into a projector. 
Total time: about 90 seconds. Total 
cost: about 14 the price of the average 
black-and-white slide. 

A new type of transparency film, 
PolaLine film, is now available. It’s 
been designed especially for line-copy 


55¢ 


— 


**POLAROID’’ AND * 


90 Seconds 


Yourself 
(with a Polaroid Land Camera) 


slides and it produces crisp, black lines 
and clear, transparent backgrounds. 
These are 3% x 4 transparencies for 
standard lantern slide projectors. 

There are also continuous tone films 
for both standard lantern slide projec- 
tors and for use in a complete Polaroid 
Land system that employs 2% x 2% 
slides in a Polaroid projector. (Develop- 
ment time for continuous-tone slides is 
two minutes.) All three projection film 
types can be used in any Polaroid Land 
Camera that uses 40-series films (except 
the J-66). 

Sound good? It is. There’s no better 
way to make transparencies. Send in 
the coupon for more information. 
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Polaroid Corporation 
Technical Sales Dept. PE-12 
Cambridge 39, Mass. 


Polaroid Land transparencies 


Name 





Address 








City 





Zone State 
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Please send me detailed information about 7 
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AUTOMOTIVE PRODUCTS 





PRINTING PRODUCTS 





Dayco offers the only complete 
line of V-Belts in the industry 
for every power transmission 
need—from fractional to 1,000 
and more horsepower. 


AGRICULTURAL V-BELTS 





Dayco provides a complete line 
of Fan Belts, Radiator Hose, 
and other rubber products for 
passengercars, trucks, busses, 
and tractors. 


INDUSTRIAL HOSE 


Dayco offset and letter press 
rollers, Gold Seal offset Blan- 
kets, Color Separators and 
Fountain Dividers, for all 
makes of presses. 


fe) m0) 40m -10):1:14-8 
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Dayco builds specialized 
V-Belts for the efficient trans- 
mission of power on all types 
of traction, propulsion and aux- 
iliary farm implement drives. 











Dayco offers molded and hor- 
izontal braided, machine and 
hand wrapped fabric, and wo- 
ven jacket constructions for all 
industrial applications. 


Dayco custom-engineered 
molded rubber, rubber-to- 
metal and rubber-and-fabric 
components for mechanical 
applications. 





Day 


Take your pencil. Get all the Dayton 
literature from your files. Make one little 
change. In place of Dayton write Dayco. 


From now on, that’s our product name. 
Dayco V-Belts. Dayco Hose. Dayco 
Printing Rollers and Blankets. Dayco 
Molded Rubber. Dayco Agricultural and 
Railway Drives. 


Thus ends the difference between our 
corporate name, Dayco and our former 
product name, Dayton. 


Let us repeat. The only thing that’s 
changed is the name. The same high 
quality. The same broad line. The same 
friendly, helpful people. Only their prod- 
uct line is now Dayco. DAYCO. 
D-A-Y-C-O. 


Dayco a 


CORPORATION 


Rubber Products Division Melrose Park, Illinois 
(Formerly known as The Dayton Rubber Company) 
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5 NEW | DIESELS 


Heavy-duty design in a cempact engine Gear pump force-feed lubrication 
Smooth, high-speed operation 12-volt electrical system 
Interchangeability of wearing parts Push-button glow plug starting 
Controlled temperature cooling Famous International parts and service 


SPECIFICATIONS 





Engine Torque Fuel 
Model . Bore Length | Width | Height | Weight | Max. Int. Cont. (Ib. /#t.) Consumption 
x Stroke {in.) (in.) (in.) (Ib.) hp hp hp i (Ibs. /hph) 





DU-66D 3.25x4 ’ 21.22 | 20.25 | 30.37 408 15.8 | 14.2 | 12.6 36.5 457 





DU-74-D 3.44x4 74.3 | 21.22 | 20.25 | 30.37 410 17.4 | 15.7] 13.9 42.5 457 





DU-99-D 3.25x4 99.5 | 25.50 | 23.09 | 30.00 520 22.8 | 20.5 | 18.2 65.0 477 





DU-111-D 3.44x4 | 111.3 | 25.50 | 23.09 | 30.00 524 24.6 | 22.2 | 19.7 72.0 477 





DU-132-D a 3.25x4 | 132.7 | 29.75 | 23.00 | 30.12 589 39.6 | 35.6} 31.6 97.0 464 















































Horsepower ratings shown above ore for engine with fon, radiator, clutch, air filter and generator at 2,000 RPM except for UD-132-D which is 2,400 RPM. Max. torque at 1,200 RPM, 
Dimensions and Weights ore from fan to back foce of flywheel housing and do not include PTO or air cleaner, 





12 to 40 hp 


International sets new standards 
of performance with heavy-duty 
design in compact, 


economical engines... 


Here’s eager, dependable power for those jobs where 
the load is moderate but the duty is rugged. Now you 
can put a hefty, field-proved International Diesel on 
water pumps, water well drill rigs, refrigerating units, 
generators, conveyors, lift trucks, tractors, compres- 
sors, asphalt mixers, blowers, sprayers, compactors, 
cranes, pipeline equipment, locomotives and small 
crushers. These two, three and four cylinder Inter- 
national Diesel engines, from 12 to 40 horsepower, 
bring the complete IH line up to 62 models—including 
the largest line of Diesels in the industry. 

All five models are direct-starting, valve-in-head, 
sleeved engines with 19.1 compression ratio. The 
power unit hood is hinged for easy access to fuel tank, 
cooling system, oil pan and battery. Operating levers 
and instruments are grouped for easy, one-hand con- 
trol and operator convenience. Maximum flexibility is 
achieved with optional attachments—you specify ex- 
actly what you need, from bare engine to complete 
power unit. 

Check the full IH line of Diesel and carbureted en- 
gines—8 to 385 hp—and discover the extra selling ad- 
vantages International power adds to your products. 
Call or write to International Harvester Co., Engine 
Sales Dept., Melrose Park, III. 


Interchangeability of many parts and 
attachments brings you unmatched 
advantages in power standardization 


These new IH engines are designed with interchangeable 
connecting rods, main and connecting rod bearings, valves, 
valve springs, push rods, and rocker arm assembly com- 
ponents. Crankcases are machined from three basic blocks, 
and pistons and sleeves are of two sizes. Many attach- 
ments are interchangeable. And you get further model- 
matching advantages with the smaller carbureted engines 
in the International line. 


Simple, rugged design assures 
maximum efficiency and easy 


servicing... 


Economical operation is assured with full-firing effi- 
ciency of IH swirl-type pre-combustion chambers. 
Built-in governor maintains selected rpm despite 
varying loads. Replaceable main and connecting 
rod bearing shells have extra large bearing surface 
for longer operating life. Gear pump force-feed 
lubrication assures continuous flow of lube oil to all 
bearing surfaces. Pump-circulated cooling system 
with thermostatic control and radiator curtain pro- 
vides quick warm-up and efficient operating 
temperature. 


@ INTERNATIONAL’ 


International Harvester Co., 180 North Michigan Ave., Chicago 1, Ill, 
A COMPLETE POWER PACKAGE 





GRAPHITAR 


(CARBON-GRAPHITE) 


FOR PERFORMANCE 


Superior performance and unusually long service life, even in tough applications, is practically second 
nature to parts made of GRAPHITAR. That’s because they combine GRAPHITAR’s chemical 


stability, heat resistance, low coefficient of friction, adaptability to self-lubrication, mechanical 


strength, hardness and light weight. An everyday application of GRAPH- 
ITAR that illustrates well its versatility and remarkable performance can 


be found in the face-type valves employed in bulk station gasoline meters. 
These valves incorporate GRAPHITAR seats. 


Here, GRAPHITAR’s corrosion resistance, chemical inertness and resis- 
tance to expansion or contraction under rapid temperature changes, allow 
the valves to provide a leak-tight seal with excellent wear characteristics. 
These same characteristics are neces- 
sary for good performance wherever 
steam, gas and chemicals must be han- 


Self-aligning seals of ” = coy dled under the most adverse conditions. 
GRAPHITAR are em- 
ployed in rotary pressure uemmmanansetmnnenstindsonsiedh | Wilh 
joints handling steam, 7% fee ; . the top performance of GRAPHITAR, 
water, hot oil, trichlor- f piven Be 3 a ee ; . . 
ethylene, powdered talc and a ; = te a unique and versatile engineering 
variety of chemicals. 


Perhaps your product can benefit from 


material. 





Comparative testing 

of various grades of 

GRAPHITAR self- 

”t , aligning seals is ac- 
. : complished on this 
equipment, which 


rf F i duplicates actual oper- 


. Benen 4 conditions 
je GRAPHITAR rotary 
‘= 





‘ - pressure joint seals 
alld such as these often . , 
em GRAPHITAR is a material uniquely de- 
a operate at 400 psi, at . +d 
i signed by its nature for solving tough 
Ditmar tile Mr taasie ta , ; 
problems and improving processing, and 
speeds of 600 ft min 
it can be further custom-engineered to 
- ¢ - meet your exact Sy else tile terelen) For com- 
- plete information on GRAPHITAR 


send for Engineering Bulletin #20. 








THE UNITED STATES GRAPHITE COMPANY 


DIVISION OF THE WICKES CORPORATION, SAGINAW 1, MICHIGAN 
GRAPHITAR® carson-crapite © GRAMIX” powoer metauurcy © MEXICAN” crapuite Prooucts © USG™ prusues 





Convertible Trouble Free Contacts...Tens of Millions of Operations 


In 9 out of 10 cases the Type BR Relay will far outlast 
its original service application 


Even in the toughest service, Allen-Bradley 
Bulletin 700 relays provide those ‘“‘extra’’ mil- 
lions of trouble free operations that keep pro- 
duction high and down time low. In addition, 
no other relay offers industry such ready flexi- 
bility as the Type BR with their easily con- 
vertible contacts, plus the possibility of adding 
two contacts out in the field. Changeover from 
normally open to normally closed (or vice 
versa) takes only seconds! Thus a four-pole 
unit provides any of the contact combinations 
you can obtain with five different relays having 
the usual fixed contacts—a real answer to relay 
inventory problems. Also, the Type BR relays 
have a built-in permanent air gap that com- 
pletely eliminates magnetic sticking. 


a 


—m ~~ a 


The molded coil is impervious to all harmful 
atmospheres. And the double break, silver con- 
tacts—standard on all A-B relays—never need 
attention of any kind. 

The popular Allen-Bradley Type B, general 
purpose, and Type BX, universal, relays in- 
corporate many advanced features to insure 
long, trouble free life. The new structural de- 
sign increases mechanical life at least 5 times. A 
new contact motion increases electrical reliabil- 
ity at least 10 times. 

For full details on the complete A-B line of 
Quality relays, please send for Descriptive Bul- 
letin 700: Allen-Bradley Co., 1329 S. First St., 
Milwaukee 4, Wis. In Canada: Allen-Bradley 
Canada Ltd., Galt, Ontario. 


QUALITY 


MOTOR CONTROL 


ALLEN - BRADLEY 


of NEMA 
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CUTLER-HAMMER QUALITY 3-STAR MOTOR STARTERS AVAILABLE IN 10 SIZES, OO THROUGH 8 
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CUTLER-HAMMER MOTOR STARTERS 


Still the proven standard 
of quality...always in stoc 
for immediate delivery 


Millions of satisfactory operations in thou- 
sands of applications have proved the un- 
matched quality of Cutler-Hammer across- 
the-line magnetic starters. That this line 
is still recognized as the leader—nine years 
after the original design was developed— 
is a great tribute to the years-ahead think- 
ing of Cutler-Hammer engineers. 

FIRST IN °53—STILL THE LEADER IN ’61 
Since the Three Star line was introduced in 
1953, many improvements have been made; 
magnet coils that far exceed NEMA stand- 
ards, for example. But many achievements 
of the original design—vertical, dust-free 
contacts; overload relays adjustable to with- 
in 3% of actual full-motor ratings; provision 
for 2 or 3-coil overload relays in the same 
enclosure—are features no other manufac- 
turer has been able to improve. You can 
safely bet that when these pace-setting fea- 
tures are improved, it’ll be another Cutler- 
Hammer development. 


WHAT’S NEW? ASK.. 


CUTLER-HAMMER 


ALWAYS AVAILABLE FOR FAST DELIVERY 


You'll find the smaller sizes of Cutler- 
Hammer Starters always in stock at your 
local distributors—larger sizes immediately 
available from the factory. We hope you'll 
make your own feature-by-feature com- 
parison between the Cutler-Hammer line 
and any other starter on the market. Look 
especially carefully at such vital advantages 
as ease of installation, high interrupting ca- 
pacity, coil construction and accessibility. 

Regardless of what features you select as 
the criterion of superiority, we’re sure you'll 
choose Cutler-Hammer after you’ve made 
your unbiased comparison. 

If you’re one of many companies being 
forced to stock two sets of parts because of 
design changes, now is an excellent time to 
standardize on Cutler-Hammer. 

Call your distributor or local Cutler- 
Hammer Sales Office soon. Or write for 
Publication LO-70-Y249. 


| oe | 


Cutler-Hammer inc., Milwaukee, Wisconsin « Division: Airborne Instruments Laboratory Subsidiary: Cutier- 
Hammer international, C. A. « Associates: Cutier-Hammer Canada, Ltd.; Cutier-Hammer Mexicana, S. A. 
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ROLLPIN is the slotted tubular 
spring pin with chamfered ends 
that is cutting production and 
maintenance costs in every class 
of industry. Drives easily into stand- 


ard holes, compressing as driven. 


Spring action locks it in place—re- 
gardiess of impact loading, stress 
reversals or severe vibration. 
ROLLPIN is readily removable and 
can be re-used in the same hole. 
Made in carbon steel, corrosion re- 
sistant steel and beryllium copper. 


“WHERE SHOULD YOU 
BE USING ROLLPINS ?” 


Thousands of companies—from cigarette lighter 
makers to car manufacturers—have learned from 
experience that ROLLPINS not only cut production and 
assembly costs, but make good products even better! 
The 9 examples pictured below don’t even begin to 
indicate the range of application and usefulness of this 
simple, universal fastener. And naturally, they don’t 
begin to show the cost and production savings you can 
achieve with ROLLPINS. If you aren’t using 
ROLLPINS now, shouldn’t you be? Write for a 
generous sample assortment and complete 
information. Dept. R62-1245. 








REPLACING A 
GROOVED PIN... 
here Rolipin serves as 
a stop pin. Its light 
weight end shear 
strength function per- 
fectly . . . cuts assem- 
bly costs. 


REPLACING A SET 
SCREW ... a _ short 
length Rollpin is self- 
retained in the handle 
of an automobile 
brake. Is readily driven 
into over-drilled hole 
in shaft for easy 
removal. 


REPLACING A 
HEADED PIN... in 
this hinge pin applica- 
tion, constant spring 
tension holds Rollpin 
firmly in place... 
eliminates loosening 
of hinge due to wear. 





REPLACING A RIVET 
SHAFT .. . Rollpin 
serves as an axle for 
the sparkwheel of a 
cigarette lighter. No 
riveting or threading 
necessary. Faster 
assembly. 


REPLACING A CLEVIS 
PIN . . . here Rolipin 
holds firmly in clevis, 
permits free action of 
moving member. 


REPLACING A HUB 
ON A GEAR... Rolipin, 
self-retained in shaft, 
is simply snapped in- 
to molded slot to 
position sintered 
gear. Rollpin’s shear 
strength is particularly 
valuable here. 





REPLACING A COTTER 
PIN ... Rolipin§ as- 
sembly time is shorter, 
service life ten times 
longer. Vibration-proof 
flush fit. Easily re- 
movable. 


REPLACING TAPER 
PINS . . . Rolipin elim- 
inates cost of taper 
pin reamers and the 
entire reaming opera- 
tion. Rolipin costs less 
than a taper pin and 
installation is cheaper. 


REPLACING A BOLT 
AND NUT... Rollpins 
act as fasteners and 
pivots . . . may also 
be used with a free 
fit in outer or inner 
members depending 
upon product design 
requirements. 


























ELASTIC STOP NUT CORPORATION OF AMERICA ayy rah 


2330 Vauxhall Road, Union, New Jersey 
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for... 


one 


for laboratories * production control » test equipment « time-motion studies 
wherever precise measurements are needed! 


ELECTRIC 
STOP-CLOCK 


SC 100 

with exclusive new INSTANT STOP Cone Clutch 

Now stop-clocks go versatile—with the SC 100, the ideal timing instrument where short, precise 
measurements are required. It starts, stops and resets automatically in milliseconds. The SC 100 
features a unique cone clutch which engages the pointer mechanism with the synchronous motor. 
So rapid is the clutch engagement that no dial compensation is required for pull-in lag. An 
additional feature is a solenoid-operated pointer reset which completes a full dial reset in 
approximately 100 millseconds. A compound dial is employed using two pointers, the inside dial 
registers from 1 to 60 seconds in 1 second increments. The outside dial measures from .01 to .99 
seconds in .01 second calibrations. Write for Bulletin #702 and get the full details why this is 
the timely answer to your timing problems 


ENGINEERING SPECIFICATIONS 
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AGNET SOLENOID 
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The SC 100 Electric Stop-Clock is only one example of the thousands of precision engineered 
timing controls contained in our 50-page, fact-packed catalog. It will pay you and your firm 
to have a copy of this valuable volume. For a free copy, write us on your company’s letterhead. 


|NouSTRIAL 
TIMER 


CORPORATION j 
‘as 


1403 McCARTER HIGHWAY + NEWARK 4, N. J. U.S.A. 
CANADA: SPERRY GYROSCOPE OTTAWA LTD., 3 HAMILTON AVE., OTTAWA, CAN. * PA 8-4681 


UP TO THE MINUTE IN DESIGN | 
DOWN TO THE SPLIT SECOND 


IN ACCURACY ! 
Aj 
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SERIES TDAB TIME DELAY TIMERS 


Designed for applications on circuit controls where an 
adjustable or fixed time delay is required between 
the opening or closing of one circuit and the pre- 
determined opening or closing of another circuit. Back 
mounted and automatic reset. Write for Bulletin #300 
for full details. 


SERIES MC PROGRAM CAM TIMERS 


Repeats a continuous, adjustable ON and OFF electrical 
cycle. Standard cam construction is such that the 
ON-OFF cycle can be adjusted from 2% to 98% of the 
total time cycle. Individual cam adjustability enables 
the timer to be used as a programming device with 
up to 20 switches. Cams can be adjusted, rapidly and 
easily, in any combination of timed sequences. Write 
for Bulletin +200. 


SERIES PAB INTERVAL TIMERS 


Close a load circuit for a pre-set time interval. Auto- 
matically resets at the completion of the time cvcle. 
Extremely accurate timing mechanism built to stand 
up under the hard usage and demanding standards 
that modern manufaciuring processes require. Write 
for Bulletin +400. 


MODEL C-5 RESET TIME TOTALIZER 


Provides extreme accuracy where elapsed time meters 
are required to show an exact record of machine 
operating hours. Reset wheel protrudes slightly out 
front of panel for easy thumb adjustment. Precision 
engineered throughout according to Industrial Timer 
standards. Write for Bulletin +700 for details. 





Identify durable, modern ; 
steels in your products, _ Steel 
Use this label. di 


ALuminizeo STEEL Type 1 has been 
used in exhaust system parts for 


+ 
years. One of the newest is this : 
spark arrester for trucks and trac- , | nl 
tors. In forest areas, it traps ex- : € 
haust sparks. q bi | it 


For strength with economy, steel is still the best 

answer. And special Armco Steels, with coatings of Steels 

zinc or aluminum, offer unmatched selection for low- 

cost durability, too. They are designer's materials, with built-in economy. 
Zinc-coated Armco Steels are produced with or without spangles. All 

grades can be mill-treated for immediate painting. Aluminum-coated Armco 

ALUMINIZED STEEL Type 1 resists a combination of heat and corrosion. 


Its companion, Type 2, gives products outstanding service life outdoors be- 
cause of its superior atmospheric corrosion resistance. 


All Offer Savings 


Small stampings from Armco ZINCGRIP® save 2.8 cents apiece for one manu- 
facturer by eliminating cadmium plating. With new spangle-free ZINCGRIP 
A, PAINTGRIP®, another manufacturer achieves paint finish equivalent to 
that on cold-rolled steel. Besides, his product is assured of much longer paint 
life and over-all rust resistance. 

Heater makers take advantage of the fact that Armco ALUMINIZED STEEL 
Type 1 outlasts all other metals in its price class when exposed to combina- 
tions of heat and corrosion. A producer of outdoor clothes dryers finds Armco 
ALUMINIZED STEEL Type 2 gives material savings of 30°/o over aluminum. 

Perhaps one of these special Armco Coated Steels can help you design 
for savings, too. Mail the coupon for complete information. 


Armco Division 
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LOW-COST 
with 


In shower stalls, new Armco Zinccrip A, PAINTGRIP * 

provides special advantages. First, its spangle-free 

surface promotes ultra-smooth paint finish. In ad- 4 © New steels are 
dition, it has full zinc protection against rust plus “ee RNs born at 


the sturdy strength of steel. Armco 


Armco Division, Armco Steel Corporation 
2091 Curtis Street, Middletown, Ohio 

PLEASE SEND information on: 

(] Armco Zincerip and Zinccrip Paintcrip (spangled) 


(J Armco Zincerip A and Zincorip A, Paintcrip (spangle-free) 
Armco ALuminizeo Steet (] Type 1 () Type 2 


NAME 
FIRM 
STREET 


city 


Armco ALUMINIZED STEEL Type 2 serves in the casing 
for this outdoor clothes dryer. The manufacturer 
cites strength, good looks, outstanding resistance 
to rust, and 30% savings over aluminum as rea- 
sons for its use. 
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WHICH R&M MOTOR 
FEATURE WILL ADD MORE 
TO YOUR PRODUCT'S 


COMPETITIVE 
ADVANTAGE 








DOUBLE WIDTH 
BEARINGS 


All these outstanding features—yours at no extra cost—contribute to R&M’s 
dependable performance, easy maintenance and long life. Fully sealed double- 
width bearings have extra-large reservoirs containing grease selected to resist 
dust, temperature, humidity and high speeds. Bearing inspection and relubrication 
are easy. Bearing cap on each end head comes off quickly when four bolts are 
removed. Bearing seal, held by removable snap rings, is also easily removed. 
“Dual-Sweep” ventilation greatly prolongs motor life with high-velocity cooling 
and cleaning. Tandem fans—one pushing, one pulling—create end-to-end ven- 
tilation that eliminates “dead” areas. Venturi baffles direct air over and around 
end coils. One-piece shrouded end heads give full-height protection against mois- 
ture and falling objects. Mylar* laminated to rag paper insures positive slot cell 
insulation because of its excellent dielectric qualities (8 times that of conven- 
tional insulation). Rag paper backing provides cushion against abrasion and 
puncture. Get complete information ... write today for Bulletin 520-PRE 


*DuPont registered trademark 


ROBBINS & MYERS, INC., Springfield, Onio 


Fractional and Integral HP Electric Motors * Electric Hoists and Overhead Traveling Cranes * Moynog|ndustrial Pumps 
Propellairg Industrial Fans * R&M-Hunter Fans and Electric H==t * Trade-Wind Range Hoods and Ventilators 
Subsidiary companies c:: /.. -phis, Tenn., Pico Rivera, Calif., Brantford, Ontario, 








Open Protected Polyphase Motors (left), 
up to 200 HP, are suitable for many ap- 
plications formerly requiring totally en- 
closed construction. 


Totally Enclosed Motors (right), ¥% to 200 
HP, are fan-cooled , . . offer complete pro- 
tection against all harmful atmospheres. 


“PM” Single Phase Motors (left), ratings 
through 20 HP, eliminate maintenance be- 
cause they are fully weatherized for severe 
duty. 


Explosion-Proof Motors (right), ratings 
through 200 HP, are Underwriters’ Ap- 
proved for Class I, Group D, and Class 
ll, Groups F & G, 





MOTORS 1 thru 200 HP 
(other ratings 1/200 to 1 horsepower) 


CIRCLE 57 ON READER SERVICE CARD 








BEARING \ 


One in a series of technical reports by Bower 


BRIEFINGS 





ROLLER BEARING LIFE AND 
CAPACITY LINKED TO STRESS DISTRIBUTION 





These reproductions of photoelastic 
studies contain important evidence for 
every engineer and designer concerned 
with the performance and selection of 
roller bearings. In these photographs, the 
alternate dark and light areas, called 
fringes, indicate not only the magnitude 
of stress but also the stress distribution. 
The photographs were taken by Bower 
Research Engineers during a study of 
stress distribution in roller bearings. 


The subjects represent rollers and race- 
ways of two roller bearings under iden- 
tical loads. The illustration at the left 
shows a roller of conventional design. 
The illustration at the right shows a 
Bower “Profiled” roller. That is, the 
roller is precision ground with a large 
radius generated along the body of the 
roller—a predetermined and controlled 
distance from each end. 


The conventional roller photo (left) 
clearly shows how, under load, stress 
concentration builds up in and near the 
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roller ends. This is called edge-loading. 
Such areas of concentrated stress are the 
breeding grounds for metal fatigue and 
eventual bearing failure. 


In the photo of the “Profiled” roller 
(right) stress lines can be seen uniformly 
distributed across the whole length of 
the roller and raceway. There are no 
points of excessive stress concentration, 
consequently no starting points for early 
fatigue. Such a “Profiled” roller exhibits 
a great advantage in improved load 
carrying capacity, a most important 
bearing requirement. 


Under actual operating conditions, 
Bower “Profiled” roller bearings show 
a considerably longer life at higher 


speeds and under greater loads than con- 
ventional roller bearings. 


Because of this, and of other Bower fea- 
tures to be discussed in later technical 
reports, we suggest that you consider 
the advantages of Bower bearings in 
satisfying your future bearing require- 
ments. 


xrwke* 


Bower engineers are always available, 
should you desire assistance or advice 
on bearing problems. Where product 
design calls for tapered roller bearings 
or journal roller assemblies, Bower 
makes these also in a full range of types 
and sizes. 





on OWE RR ROLLER BEARINGS 


BOWER ROLLER BEARING DIVISION — FEDERAL-MOGUL-BOWER BEARINGS, INC., DETROIT 14, MICHIGAN 
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DEVELOPMENTS TO WATCH 





Better lubricants for the 600-F range, new nodular irons, and better glasses for 
radiation shielding are coming from research on “rare-earth” metals. 

These metals—no longer rare—have been under intensive study for many appli- 
cations in the last few years, are already providing new electronic and optical 
materials (PE—Apr 25 60, p 39 and Aug 24 ’59, p 13). 

Now, Naval Research Lab reports that rare-earth additions—notably cerium— 
will stabilize silicone oils against oxidation and gelation in the 550-650 F range. 

Crane Co researchers are using yttrium, another rare earth metal, to produce 
a partially spherulized nodular iron that’s said to offer good strength and toughness. 

Penberthy Instruments Lab has a new series of non-darkening neutron shield- 
ing glasses that contain a third rare earth: gadolinium. 

The stabilized oils are still in the laboratory, and only preliminary reports are 
available (the latest, NRL 5641, is now being prepared for publication.) The 
yttrium nodular irons are, however, at the production stage, as are the glasses. 


Rare metals, semimetals, and metalloids are also attracting new attention for semi- 
conductors and thermoelectric converters as earlier hopefuls, like silicon carbide, 
resist major research efforts aimed at overcoming their limitations. 

As W. C. Dunlap of Raytheon Research points out, difficulties have been 
encountered in producing large-size crystals of silicon carbide suitable for semi- 
conductor work; and the progress to date in improving thermoelectric materials 
for power converters and Peltier coolers has been “disappointing.” On the other 
hand, he says, the rare-earth sulfides, particularly those of gadolinium and cerium, 
seem quite promising for high-temperature thermoelectric applications, and “semi- 
metals”—elements like bismuth—which have relatively low conductivity and over- 
lapping or nearly overlapping conductivity bands may provide a key to new elec- 
tronic materials. Also extremely promising are pyrolitic graphite and such related 
materials as boron nitride, for both electrical and electronic use. (A report on 
these materials will appear here next month.) 


Another exotic metal—ruthenium—may soon be on its way to practical structural 
application. Until now, fabrication problems as well as cost have dampened enthu- 
siasm for this high-melting (4350 F), corrosion-resistant metal. But recent studies 
at AEI Research Laboratory (Aldermaston, England) indicate that alloying may 
be the answer. 

G. A. Geach of AEI reports that new high-molybdenum ruthenium alloys show 
much-improved fabrication characteristics, while retaining excellent corrosion resist- 
ance and good high-temperature strength. 

Greatest ductility has been observed in alloys containing about 45% (atomic) 
molybdenum. Rod stock has been swaged from 0.19 to 0.050 in. dia; and the 
metal is hard as well as ductile. In the as-cast state, its Vickers hardness is about 
445. Cold rolling (54% reduction) increases this to 700. Even at 2200 F, it is 
harder than tungsten (65 Vickers as compared to 50). Corrosion resistance is such 
that, Geach predicts, the alloy may be able to replace platinum as an electrode in 
conductivity measurements where a rigid material is required. 


Knives that won't lose their sharpness, and won’t rust—even in salt water .. . New 
temperature-sensing devices . . . Mechanical parts that are lighter, stronger and 
easier to form... 

These are only a few of the predictions made for the Navy’s new nickel-titanium 
alloy, announced last month. Right now, though, its still in the evaluation stage; 
and only small heats have been produced. 

The Navy is pushing development of the material because it is not only hard 
(it can be heat treated to 62 Rockwell C) and resistant to salt water corrosion but 
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DEVELOPMENTS TO WATCH continued 





also nonmagnetic—an excellent material for shipboard tools. That’s likely to be 
its first application. Prototypes have already been made. 

However, the Naval Ordnance Lab scientists who developed the alloy say its 
excellent nonmagnetic properties plus its resistance to corrosion and the fact that 
it is tough and can be hardened and welded make it “an ideal alloy for many space 
and aircraft components.” Furthermore, they note, it may have application in 
jewelry, auto trim, nonmagnetic watch parts, and other commercial items. Because 
it undergoes marked changes in mechanical vibration damping characteristics with 
rather small changes in temperature it may also find application in temperature 
sensing devices. 

Actually, the new alloy is only the first of a whole group containing 54.5% or 
more of nickel, with major amounts of titanium and various percentages of iron— 
and some compositions are said to show a ductility as high as 15% and impact 
strengths to 28 ft-lb. Melting points are in the 2370-F range; and the alloys appear 
to resist oxidation and retain usable strength at least to 1200 F. 


A photoelectric control unit that takes its instructions from the pointer of a meter 
has been designed by Sealy Engineering Co Ltd, 33 Avery Hill Road, New Eltham, 
London SE9, England. It can serve as the basis for a control system that will 
operate remotely and without direct contact. 

The unit is a little black box (#§ by 4% by +y in.) that sits on the outside of the 
meter glass, held in place by an adhesive. 
Inside the box is a lens, a photocell, and 
a light source. When the meter—a volt- 
meter or ammeter, for instance—comes 
into operation, and its pointer moves 
across the dial, it eventually reaches the 
spot at which the unit is attached—the 
desired control point. Then, light to the 
cell is cut off, and a signal is generated 
which will activate a control system. 

As Sealey points out, the same result 
can be accomplished by building special electrical contacts into the meter itself. 
But the new device is much more flexible and may be used with any one of several 
instruments—pen recorders, and dial-type thermometers, and flying-spot galvan- 
ometers, as well as conventional meters. Two detector heads, one placed at the 
upper and the other at the lower allowable limit, may be connected to form a simple 
“on-off” control. 

Development price for the detector head is about $14, with amplifier at $65, and 
power supply at $56. 

















A portable sound-exposure monitor and recorder, similar in purpose to the radia- 
tion detectors that record the total amount of radiation exposure an individual 
receives, has been designed at Esso Research labs. Esso says the unit can be made 
in shirt-pocket size and will permit true, automatic recording of the length of time 
an individual is exposed to sound above a given level. 

The sound level recorder is a transistorized device which converts acoustical 
signals to an electrical current that is fed to an ampere-hour meter. 

The meter itself is unusual in design. Mercury-filled capillary tubing is used for 
the anode and cathode, the two being separated by a small liquid electrolyte gap. 
The flow of current transfers mercury across the gap. In this way, the gap is moved 
along the tube, providing a permanent, additive record of the total time during 
which sound above a preset level has been received. Esso Researchers say the 
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device is equally sensitive to pure tone and random noise; and believe it can be 
incorporated in a package no more than 2 by 4 by 1 in. (The original model was 
larger; but miniaturized prototypes are now being designed.) 


Better glass-plastic laminates are promised as a new glass fiber plant goes into 
production. MPI Glass Fibers, Inc (Washington, D. C. and Springfield, Va) says 
it’s going to be able to maintain closer control of quality to minimize strength 
loss during processing, and plans to use a new impregnation system that will 
produce “a most favorable strength-weight ratio, a high modulus of elasticity, 
reliability and reproducibility and high temperature resistance.” It will, says 
MPI, be “the strongest glass fiber prepreg yet to appear on the market.” 

The cost? MPI admits it will be higher than that of conventional glass fibers; 
but says “we hope to stay in the general area of eight to nine dollars per pound 
initially with nominal price reductions following increased production.” Initial 
production, though, will be aimed at such premium applications as rocket motor 
cases and airframe members. 


A good example of the type of application at which MPI is aiming comes— 
quite independently—from Malmo, Sweden. 

Malmo Flygindustri has designed a reinforced plastic undercarriage for light 
aircraft, and says it offers a good many advantages, not the least of which is 
built-in shock absorption. Preliminary tests, Malmo says “have exceeded all 
expectations.” The aircraft rides more smoothly on the ground, and the weight 
saving is substantial. 

Biggest problem was finding a way to attach undercarriage to fuselage. Malmo 
solved it by bonding reinforced plastic wedges to the undercarriage spring and 
then fastening the wedges to the fuselage with metal fittings. 

The plane to which the undercarriage is now attached (see diagram) is also 





at 











Malmo’s own design, a high-wing monoplane with a 34-ft wing span and a 
cruising speed of about 130 mph at 60% throttle. But, says Malmo, this type 
of undercarriage can be used on any light and medium-sized aircraft with fixed 
landing gear; and might prove adaptable to ground vehicles. 


A machine that rides on steam has been designed for our own Navy. It’s basically 
a “ground-effect” unit for water-borne vehicles. But it uses steam instead of air 
as the working fluid—and it gets that steam by drawing water from the sea over 
which it moves. 

In the conventional ground-effect machine, air is drawn into the machine 
by a fan and pumped downward through a vertical circular channel to be dis- 
charged against the surface over which the vehicle moves. This creates a high- 
pressure air bubble on which the vehicle can ride. The machine is fairly complicated 
because, an engine, with clutch and reduction units, is required for operation. 

The steam machine requires neither fan nor clutch and gear. It has only 
a tube which extends below the surface of the water; and a pump which 
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brings the water up and feeds it through a heat-exchanger. When the water is 
vaporized, it passes downward through the channel and is ejected as a jet, just 
as in the air machine. R W. Pinnes, who designed the device, says a conventional 
heating system can be used; or a nuclear reactor might provide the steam. 


A host of new publications—some with science kits—are worth collecting. 
A probability kit with a manual that alone is worth the price of admission is being 
readied for introduction by Science Metals Center, 59 Fourth Ave, New York 3. 

The manual is a 120-page hard-bound book that’s a fine review of standard 
deviation, *, and other key statistics. 

The kit itself includes an ingenious ball device called a Hectare that reproduces 
normal and skewed distributions, plus a build-it-yourself coin-tossing machine, a 
log-rolling device for studying random distribution, record charts, and scales. 
The price: $16.95. 


Adventures in Graphing and World of Measurement are the latest in Webster 
Publishing Company’s Exploring Mathematics series (PE—Nov 7, p 32). Written 
for young people, they’re printed in good-sized type and attractively illustrated. 
The booklets include problems and solutions as well as descriptions and explana- 
tions, and range in length from 46 to 64 pages. Price range is 69¢ (for Topology, 
published last year) to 85¢ for the two latest. The World of Statistics, one of 
three published earlier this year, is also 85¢. Shortcuts in Computing 75¢; Com- 
puting Devices, 80¢. Earlier titles include Fun with Mathematics, 75¢; Numera- 
tion Systems, 80¢; Numbered Patterns, 75¢. 


You can get yourself a photocell—complete with a pocket-sized handbook that 
will help in setting up solar amplifier and relay demonstrations, at prices ranging 
from $1.50 (for a selenium photocell and sun battery) to $2.35 (for a cadmium 
sulfide light-sensitive resistor). Or, you can have the 24-page Experimenter’s 
handbook alone to help in explanations to the nontechnical, for 50¢. International 
Rectifier Corp, El Segundo, Calif, developed the sample-and-manual kits to intro- 
duce its new solar and photocell series; also has a bigger (112-page) more tech- 
nical Solarcell and Photocell Handbook, for $2. 





Want a guide to atom-land? A 40-page printed glossary that’s sixth in the series 
being prepared by American Institute of Physics is now off the press; and, as 
before, AIP has offered to make single copies available free of charge to PE 
readers on request. The glossary runs from Absorption Coefficient to Weak Inter- 
action, covers fission and fusion, isobars and isotopes and has an excellent table 
of atomic particles. Address requests for Glossary of Terms Frequently Used 
in Nuclear Physics to Audrey Meyers, AIP, 335 East 45 St, N. Y. 17 —ARG 
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Still the will-o’-the-wisp... 


Creativity: what is it? 


Research groups at U Cal, U Mich, NYU and other 
institutions have been probing, with support from 
Carnegie Foundation. Here are preliminary answers. 


E J TANGERMAN, editor 


The opportunities of man are 
only limited by his imagination. 
But so few have imagination that 
there are 10,000 fiddlers to one 
composer . . . Research is a high- 
hat word that scares a lot of peo- 
ple. It needn't... It is nothing 
but a state of mind—a friendly 
welcoming attitude toward chance 
... It is the problem-solving mind 
as contrasted with the let-well- 
enough-alone mind. It is the 
“tomorrow” mind instead of the 
“yesterday” mind. 

—Charles F Kettering 








HAT is creativity? We know that 

there are various types: Ein- 
stein vs Tchaikovsky. We know that 
being highly creative is different from 
being highly intelligent, competent, 
skillful. But we don’t yet know what 
creativity really is, or how to foster 
it, or what creative individuals are 
really like, or their proper environ- 
ments, or how to distinguish them 
early. 

Carnegie Corporation of New York 
has been supporting research on these 
questions, summarized some answers 
in its July Quarterly. 


The creative person 


Three kinds of creativity have been 
identified by the Institute of Personal- 
ity Assessment and Research (IPAR) 
at the University of California during 
the past six years. The first group is 
represented by novelists, essayists and 


poets, the second by industrial re- 
searchers, engineers, scientists and 
mathematicians and the third by archi- 
tects. In the first group the creation 
is clearly an expression of the inner 
states of the creator. In the second 
the creator acts largely to meet ex- 
ternally defined needs and goals. He 
produces a novel and appropriate 
product, but he adds little of himself 
to the result. The third form cuts 
across the other two in that the prod- 
uct is both an expression of the creator 
(thus very personal), and at the same 
time meets the demands of some ex- 
ternal problem. 

Individuals studied by IPAR were 
rated as highly creative by distin- 
guished people in their own fields. 
From the study, some deductions can 
be drawn of creative people as people. 
They are fairly intelligent, but be- 
yond this requirement, intelligence 
does not crucially determine the level 
of an individual’s creativity. Early in 
life, creative individuals show the 
skills mecessary to their ultimate 
careers, but many creative people 
come to their final careers late be- 
cause they have so many skills and 
aptitudes that they find it difficult to 
choose among them. 

All score high on interests which 
might lead them to be psychologists, 
architects and authors. All score low 
on skills for purchasing agents, office 
workers, bankers, farmers, carpenters, 
policemen and morticians. The signs 
are that creative talent is not very 
interested in small detail, in the prac- 
tical and concrete, but is more con- 
cerned with the meanings, implica- 
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tions and symbolic equivalents of 
things and ideas. 

In addition to congruence of inter- 
est, creative people share the same 
values. Spranger described the six 
basic values of men as being the es- 
thetic, economic, political, social, reli- 
gious and theoretical. For all creative 
types, the esthetic and theoretical are 
strongest; the economic tends to be 
weakest. The surprising thing is that 
esthetic and theoretical are supposed 
to be conflicting values, yet are of 
nearly the same strength in all creative 
groups. This suggests that creative 
people are able to tolerate the inner 
tensions created by holding conflicting 
values, or perhaps that they are able 
to resolve the conflict. 

Other findings support the hypothe- 
sis that creative individuals are more 
able than most to express opposite 
sides of their nature, to reconcile con- 
scious and unconscious, reason and 
passion, rational and irrational, science 
and art. All highly creative males, for 
example, scored high on a “femininity” 
test; they were more open in their 
feelings and emotions, more sensitively 
aware of themselves than others and 
possessed wide-ranging interests— 
traits which in our culture are con- 
sidered feminine. On the other hand, 
most of them were not effeminate in 
manner and appearance, but instead, 
assertive, dominant and self-confident. 
Also, they seem to have a positive 
preference for complexity, even for 
what appears as disorder. Given a 
series of drawings of various types, 
they consistently choose those that 
are more abstract, perhaps chaotic; 
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offered a choice to make mosaic pat- 
terns, the highly creative tend to em- 
ploy more colors, the less-creative 
fewer. It seems that the less-creative 
person has to impose order immedi- 
ately, but the more-creative sees the 
possibility of imposing a higher level 
of order. 


Personality types 


Jung pointed out that when you 
think, you either become aware of 
something (perceive) or come to a 
conclusion about something (judge). 
Most mathematicians, engineers and 
research scientists prefer the judging 
attitude. Among writers the prefer- 
ence is strongly reversed; about 80% 
are perceptives. Jung further sub- 
divides perception into sense-percep- 
tion—becoming aware of things 
directly by way of the senses, and in- 
tuitive-perception, which is indirect 
perception with a deeper meaning 
and an awareness of possibilities inher- 
ent in things. Three out of four of the 
general population are sense-percep- 
tives. They concentrate on things pre- 
sented to the five senses and focus their 
attention upon existing facts. The other 
one looks expectantly for a link be- 
tween something present and some- 
thing not yet thought of, focusing 


habitually upon possibilities. Highly 
creative people in all fields are over- 
whelmingly intuitive: 93% of the 
writers, 90% of the engineers and sci- 
entists, 100% of the architects. This is 
very significant. 

As might be expected, engineers 
and scientists, about 70% of them, 
show a strong preference for think- 
ing. Writers show an equally strong 
preference for feeling, and architects 
split almost 50-50. Among writers 
there are almost as many introverts 
as extroverts. Among engineers and 
architects inere is a strong leaning to- 
ward introversion (807%). 

The creative person is almost by 
definition not a conformist. His non- 
conformity ‘ies in the realm of ideas, 
however, not necessarily of behavior. 
He is not usually emotionally unstable, 
sloppy, loose-jointed, Bohemian; he 
is simply independent. Creative 
people claim more than others do that 
their childhoods were not entirely 
happy. (This may be true or they may 
just be aware of things which others 
repress.) At any rate, the finding 
should not be interpreted by parents 
as meaning that they should make 
their children miserable in the hope 
of making them creative. It does 
mean, however, that parents should 





Intuitive engineering 


The “objective” engineer is also the run-of-mine 
one, in this author’s opinion. Note parallels with 
research results in the preceding article. 


HARRY J JACKSON 


HE “objective” concept of an engi- 

neer is one who can sit at a con- 
veyor belt of data, handbooks, 
curves, facts and some experience, and 
grind out products or designs for 
products. He has no particular “feel” 
for his work, as a great painter has. 
In other words, place any of thou- 
sands of engineers in the chair beside 
the conveyor belt and you will get 
nearly the same designs in each case. 
All have been schooled in the “objec- 
tivity” of engineering so thoroughly 
that there is no intimation at all of 
their own personalities in their work. 
Architects are supposed to have this 
feel, engineers are not. Why? 

The dictionary definition of “intui- 
tion” is “the knowing of something 


64 


without the conscious use of reason- 
ing.” How can an engineer know or 
feel that his own, or another man’s, 
design is good, adequate or sufficient, 
without having intimately and thor- 
oughly analyzed each small compo- 
nent? Having designed a structure 
himself, shouldn’t he know “all about 
it’? Shouldn’t his reasoning and 
technical knowledge be sufficient to 
determine adequacy? 

The answer might be yes if all 
factors in the design of a machine and 
its use are known. Imagine an engi- 
neer who is a specialist in vibrations, 
heat transfer, stress analysis, dynam- 
ics, kinematics, physics, chemistry, 
economics, psychology, human engi- 
neering—just to mention a_ few 


not force too much “togetherness,” 
that they should not prevent the child 
from turning in on himself. Efforts 
to produce “well-rounded children,” 
made often by both parents and 
schools, do not help creativity. 

Often the creative person is not a 
satisfactory student. He resists group 
work. He may set himself goals in 
conflict with those set for the class. 
He wants to follow his own interests. 
The best solution is for schools to de- 
emphasize group participation and to 
provide maximum opportunity for 
the able student to work out his own 
interests. Best of all is to have crea- 
tive teachers. This is true in colleges 
and universities as well, where the 
tendency is to prefer “sound” students 
to those who may or may not prove 
to be truly original. One of the most 
highly original architects interviewed 
was advised by his dean in college that 
he had no talent for architecture! 

In industry, some personnel prac- 
tices are positively inimical to the 
creative process. A time clock, for 
example, is meaningless to a truly 
creative person. At times he may ap- 
pear to be doing nothing at all; at 
others he may work 24 hours with- 
out eating or sleeping. There is evi- 
dence too, that the practical practice 
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Harry Jackson has his master’s degree, 
has been a stress analyst (Firestone), a 
research engineer (Lockheed), test engi- 
neer (Solar), senior engineer on structures 
(ITT), has taught at three colleges, Idaho, 
Oregon State (3 years) and Cal Poly (7 
years), and is a staff engineer at Lenkurt 
Electric Co. He developed a course in 
creative thinking at Cal Poly. 


special sciences and studies. His vast 
knowledge and experience would per- 
mit him to know many of the “all” 
factors in the adequate design of struc- 
tures. But no man is this gener- 
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of “brainstorming” is not particularly 
productive of unique ideas. In fact, 
the IPAR says that it appears that the 
group process inhibits creative think- 
ing. 

Actually, the creative person is the 
_ victim of the sharp conflict of values 
in our society today. We emphasize 
integration of the individual into the 
group and still try to nurture creative 
talent. These goals are fundamentally 
incompatible. As Thoreau said of the 
man out of step with his fellows: “He 
hears a different drummer. Let him 
step to the music which he hears, how- 
ever measured or far away.” 


Environment 


According to psychologist Morris 
I. Stein, too often research concen- 
trates unduly on one or the other of 
the two aspects of creativity: individ- 
ual or environment. First at the Uni- 
versity of Chicago and now at NYU, 
Mr Stein has been studying industrial 
research chemists in their laboratories. 
Many of his findings tally with those 
of the IPAR. He found that more- 
creative men are more autonomous 
and dynamic and at the same time 
less anxious than the less-creative. 
The more creative have fewer authori- 
tarian attitudes and give greater weight 


alist, and each of us works in one 
rather narrow specialty. But we design 
machines that involve all of the sci- 
ences. How then can the average 
engineer compensate for his tremen- 
dous inadequacy? By letting his in- 
tuition play more of a part in his 
work. Hence “intuitive engineering,” 
a way to prevent engineers from be- 
coming sliderule robots. 


BE the machine 


How do you go about letting in- 
tuition play a part in such an objective 
occupation as engineering? The best 
answer I can give is: “Instead of just 


designing the machine, BE the 
machine.” Don’t design an electrical 
or electronic circuit as though you 
were outside looking in, but get inside 
the circuit and be an electron running 
around in the components. 

Of course, this sounds ridiculous, 
but a troubleshooter of a complex 
mechanical or electronic device has 
literally to put himself in the ma- 
chine’s place, and ask, “Now where 
would I go wrong, if I were this sys- 
tem?” (The “remove and replace” 
principle of repair is ruining the real 
troubleshooter’s intuitive skills, for 
he no longer has to know his circuits 


to the esthetic. Both groups assign 
high authority to the theoretical value 
and they do not differ significantly in 
tests of verbal intelligence. 

The creative man seems to know 
when to be disciplined and when not. 
He is more likely to “play,” in a sense, 
with things and ideas. He is willing 
to allow all kinds of ideas and feel- 
ings to enter his mind. Highly crea- 
tive men do not attack a problem as 
most of us do. They tend to become 
part of the problem itself, sensing its 
forces and following its leads; thus 
they let the problem solve itself. The 
less-creative workers seem more 
oriented toward quick achievement; 
the more creative ones work more 
slowly at work marshaling resources, 
then they work quickly and certainly 
to a synthesis. The less-creative try to 
achieve the synthesis earlier, then keep 
checking back, retracing steps. 

The creative man in industry has 
five roles to play: He is a scientist, a 
professional, an administrator, an em- 
ploye and a social being, roles which 
sometimes conflict. Mr Stein con- 
cludes that scientific creativity can 
occur only in fulfillment of the scien- 
tific and professional roles. But some 
fulfillment of the employe and social 
roles is usually necessary also. 


and.systems; he merely keeps remov- 
ing and replacing components until 
he finds the one that’s haywire. He’s 
not a troubleshooter, he’s a nut-and- 
bolt jockey.) 

Should engineering be objective in 
design function so that the ultimate 
effect of the particular design on man 
is not considered? Is the machine 
only to fill the immediate need of the 
engineer and situation? This might 
have been OK when science and engi- 
neering were infants, and inventions 
were narrow, simple and limited only 
to the needs or uses of a few people. 
But the brainchildren of the modern 
scientist can and do have far-reaching 
effects, and will have even more as 
time goes on. Hence, another need 
for “intuitive thinking” about designs 
and inventions, so that the ultimate 
effect on man will be realized and dis- 
covered. 


Use your subconscious 


An intuitive decision or process is 
one that we have arrived at by letting 
our subconscious take over. Our sub- 
conscious has stored everything our 
eyes have seen, our ears have heard, 
and so on with the sense of smell, 
touch and taste. On the surface we 
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The individual must win the oppor- 
tunity to be creative. He often does 
so by fulfilling satisfactorily at least 
some aspects of his employe and social 
roles. This makes trouble, because 
the social role involves acceptance of 
tradition, while the scientific role 
questions it. To be a good employe 
and a good social being, a creative 
man finds his energy drawn away from 
following up on ideas. The people 
who prove to be creative have man- 
aged to reconcile these roles. 


The need for “dither” 


Somewhat similar studies have been 
undertaken by a group at the Insti- 
tute of Social Research, University of 
Michigan. They find that scientists 
are more creative when they are 
slightly uncomfortable. They need to 
be jarred by the unexpected, forced 
to an unusual or creative response by 
a condition of intellectual uncertainty 
or “dither.” Anxiety, on the other 
hand, seems to inhibit creativity. What 
is needed is enough uncertainty to 
stimulate innovation, but enough se- 
curity to offset anxiety that uncer- 
tainty arouses. Maximum creativity 
should thus be found in situations 
containing both high dither and high 
security. 


have forgotten most of these impres- 
sions. But, if we throw a problem 
back into our subconscious, we will 
have a much more vast collection of 
stimuli and experience to draw upon 
in order to design, or decide. 

To know and to understand some- 
one, you must be that someone when 
he reacts to various situations. Why 
not project this “knowing” to an in- 
animate thing like a drop of water, a 
molecule of gas, or an electron? 


The teaching problem 


Tossing empirical formulas at 
students and having them grind out 
answers is the highest form of non- 
intuitive engineering. The student 
can develop absolutely no feel what- 
soever for the process involved. And 
this attitude carries over into profes- 
sional work. On the other hand, by 
imagining what an increment of mass 
will do, or a molecule, and by ex- 
posure to the results of experimental 
work through photographs or curves, 
one can relive, so to speak, the travel 
or experience of the experimenter or 
the material of the process. Such 
imagined experiences are much better 
remembered than knowledge gained 
by merely reading or hearing. end 
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For high-cycle machine drives 


Which electric brake? 


Comparison tables and charts for selecting 


the smallest possible brake to provide 


desired stopping speed and heat dissipation. 


JOSEPH F PECH, chief applications engineer, Warner Electric Brake & Clutch Co, Beloit, Wis 


HE cumulative effect of a few 

seconds faster stop in each cycle 
can be tremendous in high-production 
equipment. This explains today’s trend 
in selecting a brake for its stopping 
speed and controllability, rather than 
for its »olding power. Previously, 
brakes functioned primarily as safety 
devices—now they are finding wide 


application as positive-control devices. 

The electric brakes discussed here 
are positive decelerating and stopping 
devices—not to be confused with elec- 
trical-braking circuits, such as plug- 
reversing, regenerative braking, and dc 
dynamic braking. Four basic types are 
compared from a duty-cycle point of 
view—eddy-current, hysteresis, mag- 


netic-particle or fluid, and electrically 
actuated or released friction brakes. 
Included is a selection procedure em- 
ploying electrically actuated single- 
disk brakes as examples. 


BRAKE TYPES 


Where the brake is to be operated 
“on-off” either fully released or fully 


Three electrically operated 














SINGLE-DISK BRAKE, magnetically actuated 
— Warner Electric. 





MULTIPLE-DISK BRAKE, spring-set, solenoid released 


— Dings Brakes. 
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engaged, as opposed to dragging or 
retarding in a torque-control or ten- 
sioning mode (an entirely different ap- 
plication), the choice is almost always 
a friction brake. Eddy current, hys- 
teresis, and magnetic-particle or fluid 
brakes are more likely to be employed 
as tension brakes. 

Both eddy-current and hysteresis de- 
vices are smooth operating, easy to 
control and nonwearing. But eddy- 
current brakes require some slip to 
develop torque—they have no holding 
power at zero speed. With hysteresis 
devices, torque is independent of speed 
up to high speeds, but relatively large 
power requirements for brake actua- 
tion limits their application to the frac- 
tional-hp range. 

Magnetic-particle and fluid brakes 
are also smooth operating, nonwear- 
ing devices and in some designs will 
hold well in standstill, but they have 
high internal friction while idling (that 
is, when fully released) which gener- 
ates heat and limits their thermal 
capacity. 

Friction brakes, on the other hand, 
have maximum torque at zero speed, 
are capable of millisecond stops from 
high speed, and when fully released 
have no residual drag to generate heat. 
For high-cycle applications, these at- 
tributes far outweigh the primary dis- 


advantage of friction brakes—wear in 
the brake linings (see Tables I and II 
on p 68). 

Main types of friction brakes are 
shoe brakes and disk brakes. Shoe 
brakes are usually spring set and elec- 
trically released. That is, the brake 
shoes are continuously clamped to the 
brake drum or wheel by heavy coil 
springs and are released by energizing 
a solenoid to overcome the spring 
force so that the brake wheel (and 
shaft) is free to turn. Spring-loaded 
shoe brakes, therefore, are inherently 
fail-safe. Because brake torque is 
applied at the greatest radius possible 
(at the outer edge of brake wheel), 
shoe brakes—and their band brake 
cousins—have greater stopping power 
than most friction disk brakes of simi- 
lar diameter. This makes shoe brakes 
good emergency brakes for heavy 
loads. 

Drawbacks of shoe brakes are the 
extra space needed around the brake 
wheel to accommodate the operating 
mechanism and, for high-cycle appli- 
cations, the mechanism itself. Frequent 
adjustments or repairs are needed to 
compensate for wear. Also, shoe 
brakes contribute a higher inertia to 
the drive than do disk brakes. 

Disk brakes are best for duty cycles 
requiring a number of stops per min- 


friction brakes 











SHOE BRAKE, spring-set, solenoid released 


— Cutler-Hammer. 
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ute. They are of single-disk or mul- 
tiple-disk design, and have spring-set 
(electrically released), or electrically 
set operating modes (see illustration 
on facing page). Multiple-disk brakes 
have two or more stationary disks in- 
terleaved with one or more disks at- 
tached to the rotating shaft and separ- 
ated by friction disks. Braking is 
accomplished by compressing the stack 
of disks in an axial direction by ap- 
plied electromechanical or electro- 
magnetic forces. These brakes de- 
velop higher torques than single-disk 
brakes of the same diameter and ef- 
fective pressure because of greater 
friction surface area—but they are 
somewhat more limited in heat dissipa- 
tion capability than single-disk brakes. 
Also, with single-disk brakes it is con- 
siderably easier to provide automatic 
wear compensation to maintain a fixed 
gap between the stationary and ro- 
tating members when brake is released. 
Without compensation, the gap wid- 
ens with wear and brake pickup time 
is lengthened. 

Where the disk brake must act as 
a fail-safe or emergency brake, as 
in elevators and hoists, it is spring-set 
and electrically released. Such brakes 
are either solenoid-operated or direct- 
acting. In the direct-acting, electro- 
magnets retract the spring pressure 
mechanism; in the solenoid types, a 
solenoid does the actual retraction. 
With electrically released brakes, 
torque (and consequently total stop- 
ping time) depends on the spring set- 
ting and cannot be varied except by 
mechanical adjustment. 

Electrically set brakes are generally 
direct-acting. Stopping is accomplished 
by energizing a stationary magnetic 
field coil to attract a rotating arma- 
ture disk against a friction surface on 
the magnet. The primary advantage 
of an electrically set brake is that both 
the braking torque and stopping time 
can be controlled by potentiometer 
adjustment of current flow through 
the brake coil. The brake can be 
precisely adjusted for a given stopping 
time without over-torquing, and the 
stopping time can be quickly changed 
for different stopping cycles. 

Where fail-safety is not an absolute 
requirement, the electrically set brake 
is generally preferred for its control 
precision and flexibility. The single- 
disk version is widely applied because 
it can be automatically compensated 
for wear (by a _ counter-balancing 
spring arrangement which maintains 
a fixed gap) so pickup characteristic 
remains constant. It can dissipate con- 
siderable heat to the atmosphere with- 
out auxiliary cooling because of its 
high surface-area-to-weight ratio and 
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mee 1.. Performance characteristics 





























BRAKE TYPE OPERATIONAL MODE DESIGN CHARACTERISTICS 
TORQUE TORQUE- WEAR RESID- HEAT 
ON-OFF CONTIN- ADJUST- CONTROL ADJUST- UAL DISSI- 
UOUS MENT RANGE MENT DRAG PATION 

Magnetic yes yes elec- wide non- high limit- 
Particle trical - wearing ed 
Eddy current, yes yes elec- wide non- moderate good 
air cooled trical wearing to low 
Eddy current, yes yes elec- wide non- high to excel- . 
water cooled trical wearing moderate lent 
Single-disk friction, yes yes elec- wide self- none excel- 
electrically trical compen- lent 
actuated sating 
Multi-disk friction, yes no elec- mod- mechan- low limit- 
electrically actuated, trical erate ical ed 
direct acting 
Multi-disk friction, yes no mechan- limit- mechan- low limit- 
electrically actuated, ical ed ical ed 
indirect acting 
Multi-disk friction, yes no mechan- limit- mechan- low limit- 
spring ical ed ical ed 
actuated 
Shoe brake, spring yes no mechan- limit- mechan- none good 
actuated ical ed ical 























rane n.. RE Presentative range of ratings 























TORQUE, 

BRAKE TYPE HP * MAX, LB-FT 
MAGNETIC PARTICLE BRAKES 1/50 to 25— 0.6 to 150 
EDDY air cooled 3/4to 75 5 to 1740 
CURRENT 
BRAKES water cooled 40 to 800 130 to 4600 

single disk, electrically actuated 1/50 to 200 0.17 to 700 
FRICTION 
DISK multiple disk, electrically actuated 1/4 to 2000 — 3 to 15,000 
BRAKES ———~ 

multiple disk, spring actuated 1/4 to 2000 4 to 7500 
SHOE BRAKES, SPRING ACTUATED of to 2500 ss , 3 = to 10,000 


the direct exposure to cool ambient 
air of its rotating member. 


BRAKE SIZE 


Time, operating temperature and 
torque are key factors in selecting an 
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electric brake for fast or repeated tation by employing the fundamental 





controlled stops. For the typical elec- 
tric brake application, as for example 
a loaded conveyor, the brake can be 
selected almost entirely on the basis of 
required horsepower and speed of ro- 


torque-horsepower-speed equation, Eq 
(1) in the box on page 71. 

For high-cycle machine applica- 
tions, however, where driven mem- 
bers may be stopped repeatedly in as 
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of electric brakes 


BRAKE FUNCTIONS PERFORMED 





CUSH- 
JONED 
STOP 


IN- 
STANT 
STOP 


RETARD 
(DRAG) 


ON-OFF 
DUTY-CYCLING 
CAPABILITY 





no yes yes 


limited by heat-dissipation capability 
to low inertia loads 





yes yes 


limited to long time cycles 





limited to long time cycles 





excellent — up to several hundred stops/min 





same as com size electric motor: 


12 stops/min (max) 





same as comparable size electric motor: 
12 stops/min (max) 





same as comparable size electric motor: 
12 stops/min (max) 




















generally not over 3 stops/min without derating 





and dimensions for electric brakes 


SHAFT SPEED, 
MAX, RPM 


DIAMETER, IN. 


LENGTH, IN. 


INERTIA OF ROTATING 
MEMBER, LB-FT? 





1000 to 2000 


2 to 10 


2to 6 


1.5x10-4 to 0.27 





2000 to 900 


6 1/2 to 24 3/4 


9 1/2 to 43 1/2 


0.12 to 100 





1800 to 1200 - 


14 3/4 to 36 1/2 


18 1/2 to 43 


8.5 to 725 





10,000 to 1800 


11/2 to 15 1/4 


11/2to 41/2 


0.000125 to 3 





5000 to 750 


2 1/4 te 21 


2to 8 


.. to 90 





5000 to 1200 


4 to 29 


2 1/2 to 16 1/2 





10,000 to 1200 


short a time as possible, selecting the 
proper brake involves a series of cal- 
culations and the detailed differences 
between various brake designs take 
on added significance. The function 
of a brake is, in essence, to convert 


3 to 28 


the kinetic energy of rotation into 
heat and to dissipate the heat to the 
surrounding environment. For a high- 
cycle application, the brake not only 
must stop the load in the required 
time, but also must dissipate the heat 
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41/2 to'12 


0.023 to 485 lb-ft? 


generated in stopping before the next 
stop is made—otherwise the brake will 
soon burn out. Therefore, for ac- 
curate selection, inertias must be cal- 
culated and heat dissipation require- 
ments estimated for the periods when 
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1.. Torque-speed values 
for five brake sizes 
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Clutch pick-up torque, lb-ft 
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Slip speed, rpm 


2..Torque-speed for 
different current settings 
of a 12'/4,-in. brake 
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1200 
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brake is engaged and disengaged. In 
addition, the effects of wear must. be 
taken into account both in terms of 
compensating take-up adjustments and 
in ultimate brake life. Ease of con- 
trolling torque and pickup time also is 
of importance where machine flexibil- 
ity is required. 


Brake operating characteristics 


To illustrate the basic considerations 
in brake selection, Warner Electric 
single-disk brakes are employed as 
examples—although the general ap- 
proach shown here is applicable to all 
friction brakes. The design curves in 
Fig 1 to 6 are for direct-acting, electro- 
magnetically operated  single-disk 
units. 

Friction-disk brakes are nonlinear 
devices with inverse torque-slip char- 
acteristics typified by the curves of 
Fig 1 and 2. These curves, generally 
referred to as pickup curves, are ob- 
tainable from the brake manufacturer. 
The curves in Fig 1 detail the nominal 
torque capabilities, when fully ener- 
gized, of five sizes at different slip 
speeds (speed difference between in- 
put and output shafts). Brake torques 
are related to brake diameters. That 
is, the brake diameter determines the 
effective radius at which stopping 
torque is applied and the friction sur- 
face area of the disks. Actually, each 
size in Fig 1 covers a wide torque 
range and can be adjusted steplessly 
over its full range by varying the 
current flow through the magnet. Fig 
2 shows torque-slip curves for repre- 
sentative current settings of a 12% -in.- 
dia unit. 

The curves apply to both clutches 
and brakes of the same size. In a 
brake, the armature is attached to 
the load and the magnet held sta- 
tionary—thus, slip speed and arma- 
ture rpm are the same. In a clutch, 
one member is attached to the input 
shaft (or sheave, sprocket, etc), and 
the other to the driven or load shaft 
—-slip speed is then the difference be- 
tween the armature rpm and the mag- 
net rpm (or rotor rpm in the case of 
a stationary field clutch). 


Where stopping time is not critical 


Where operating time is not im- 
portant, compute torque requirements 
from Eq (1), right, and select the 
smallest size unit that will develop 
this torque from the curves of Fig 1. 
A brake selected on this basis will 
stop the load in at least as short a 
time as it took a motor to bring it 
up to speed initially. In fact, it will 
take even less time because any fric- 
tion in the system aids the brake 
whereas it opposes the motor. 





Where stopping time is critical 


For faster stops, select the brake 
on the basis of the average torque it 
can deliver over the stopping time in- 
terval (from the moment the brake is 
energized until the load is stopped) 
rather than the maximum torque it can 
develop at any particular slip speed. 
The average torque required to stop 
a given load can be calculated from 
Eq (2), but may not be apparent from 
the conventional torque-slip pickup 
curves. For example, superimposed 
on the pickup curve in Fig 3 are six 
curves illustrating stops made from 
six different initial speeds by the same 
brake with the same current setting 
and load inertia. With stops 1, 2, and 
3, the brake torque builds up rapidly 
at first to approach the pickup curve 
value, and then rises more slowly along 
the curve as the load is being slowed 
to a stop. With stops 4, 5 and 6, 
however, the load is stopped even be- 
fore the brake torque has built up 
its rated value. 

The average torque in each case 
(determined by dividing the area un- 
der each curve by the rpm base) is 
noticeably different, and in general 
varies with initial slip speed according 
to the dashed curve. The position of 
the average torque curve, in turn, 
varies with load inertia. If the stops 
were made with a higher inertia load, 
the torque buildup preceding decelera- 
tion would be greater and the average 
torque consequently higher in each 
case. If the stops were made with a 
lower inertia level, deceleration would 
begin with less torque buildup and the 
average torque would be lower in each 
case. 

For purposes of brake selection, 
brake manufacturers may test each de- 
sign over a wide range of load-speeds 
and inertias to plot average torque 
curves such as shown in Fig 4 for a 
12%-in.-dia unit. From such curves, 
it is a simple matter to check whether 
a given brake will stop the load in a 
specified time. 


Example—Stop a load of 20 lb-ft’ in- 
ertia (including brake armature inertia) 
from 1800 rpm in (a) 1.8 sec (b) 
1.0 sec and (c) 0.8 sec. 
From Eq (2), the average torque 
required is 
(20) (1800) 


(a) Ta = “(308)(1.8) ~ 65 lb-ft 


(b) Tov = 117 lb-ft 
(ec) Ta» = 148 lb-ft 


Stop (b) falls well within the capa- 
bility of the 12%-in. diameter brake, 
Fig 4. Stop (c) requires a slightly 
higher average torque than the brake 


SIX EQUATIONS FOR BRAKE SELECTION 


Brake torque required for stopping load from a specified initial speed. 
Use where stopping time is not critical. Use with Fig 1 and 2: 


_ 5250PK 
n 


Brake torque (average) required to stop load in a specified time 


interval. 


Use with Fig 4: 


Wk*n 


Vow = ~30 8% 


Heat input to be dissipated by brake. Use with Fig 6: 


. »purpal _” 4 


Brake heat dissipation capabilities under duty-cycle conditions. Use 
with Fig 5: 


ee  & 
E, _ («. ‘) -+ («. :) 


Equivalent inertia referred to brake armature rpm. 


2 
Equivalent Wk;? = wie =) 
1 


Revolutions to stop during braking interval 


tn 


Revolutions to stop = 120 





SYMBOLS 


where 7’ 
Tee 


K 


torque developed at initial (braking) rpm, lb-ft 
average torque caused by inertia from engagement to full stop, lb-ft 


service factor—ranging from 1 for a light cooling fan driven by a 
fhp motor to 5 or 6 for reciprocating equipment with high-peak 
torque. Typically, the ratio of drive pull-out torque to running 
torque is employed—for example, between 2 and 3 for NEMA 
Class B induction motors. 


= driving horsepower, hp 
= initial shaft speed before braking, rpm 
= stopping time, sec 


= load inertia, including brake armature, lb-ft? 


) = heat generated at friction surfaces, ft-lb/min 


= average brake heat dissipation rate, ft-lb/min 


7, = brake heat dissipation rate when armature is rotating, ft-lb/min 


), = brake heat dissipation rate when armature is stopped, |b-ft/min 


F = frequency, number of duty cycles per min 


te 


t, 


= total cycle time, sec 
= time that armature is rotating, sec 


= time that armature is stopped, sec 





can deliver, while stop (a) can prob- 
ably be handled by a smaller brake. 

Brake armature inertia can run as 
high as 2.5 lb-ft’ on our largest units, 
or as low as 0.00048 Ib-in’ on the 
smallest. 


Heat dissipation requirements 


After selecting a brake to meet the 
torque requirements, check its ability 
to dissipate the heat generated in stop- 
ping the load. The heat comes from 
the kinetic energy of the load, and can 
be calculated by Eq (3). To deter- 
mine whether the brake can actually 
dissipate the heat without itself over- 
heating, check its operating tempera- 
ture vs slip-speed characteristics—Fig 
5 gives the heat-dissipation capabilities 
of five brake sizes; Fig 6 shows the 
operating temperature levels reached 
by a 12'%-in.-dia brake at various op- 
erating conditions. 

In duty-cycle applications, a brake 
armature is rotating only part of the 
time at a given slip speed. The re- 
mainder of the time it is stopped, in 
which condition its ability to dissipate 
heat is considerably reduced. There- 
fore, it is necessary to use Eq (4) to 
determine the net heat dissipation 
capability. 


Example—What will be the operating 
temperature of the previously selected 
brake on a repeating 12-sec cycle if 
the armature is rotating 7 sec at 1800 
rpm and is stopped 5 sec during each 
cycle? 

From Eq (3) the heat to be dissi- 
pated is: 
i800 \* 
100° (5) 

= 55,100 ft-lb/min 

Assuming a maximum temperature 
of 250 F, the heat dissipation capa- 
bility of the brake (from Fig 6) is 85,- 
000 ft-lb/min at 1800 rpm, and 20,- 
000 ft-lb/min when stopped. The net 
heat dissipation capability is: 

E, = (85,000) (7/12) + (20,000) (5/12) 

= 58,000 ft-lb/min. 

Because E, is larger than E, the 
brake temperature will remain below 
250 F. On the other hand, if the 
brake were called on to make six stops 
per min, allowing 6 sec at 1800 rpm 
and 4 sec stopped during each cycle, 
it could safely dissipate 60,000 ft-lb/ 
min and the brake would run some- 
what hotter than 250 F. 

Operating temperatures above 250 F 
can materially affect brake life. In 
the 250 to 300 F range, periodic re- 
placements are apt to be necessary, 
and if the calculated temperatures 
goes above 300 F forced-air cooling 
may be necessary. Often the best 

text continued, page 74 


E = (1.7)(20) 


72 


3.. Construction of average torque curve 


Clutch Pick-up Torque, Ib-ft 


Heat-dissipation Rate, ft-lb/min X 1000 
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. Average torque curves for 12!'/4,-in. brake 
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6..Temperatures for heat inputs and slip speeds 
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7..Clutch-brake package... 








8..Overexvitation... 
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provides up to several hundred repeated stops per min with 


a continuously running power input — Warner Electric. 


solution is to use the next largest 
size—provided the load rpm is not 
beyond its capability, or the necessary 
control current setting so low that the 
range of adjustability is too restricted. 

Estimating actual life of a friction 
device is at best a calculated guess. 
When the stopping interval gets ex- 
tremely short, the impact of the load 
kinetic energy on the points of initial 
contact between armature and mag- 
net friction surface (as they close 
together) may cause high thermal 
transients that momentarily melt some 
of the frictional material even though 
the brake as a whole remains cool. 
On the other hand, when the brake 
actuation time is prolonged, the con- 
tinued rubbing of the armature 
against the magnet surface may also 
lead to a higher operating tempera- 
tures. 


Calculating Wk’ 


In calculating inertias for brake 
application, all inertias should be re- 
flected to the brake armature. As per 
Eq (5), the reflected inertia varies as 
the square of the shaft speed ratio. 
Therefore, whenever possible, the 
brake is located on the highest speed 
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shaft to minimize the total 
inertia the brake must stop. 

When system components are ro- 
tating at different speeds, the individual 
inertias are calculated, referred to the 
brake armature rpm and added 
together, including Wk’ of the brake 
armature. Rather than calculate the 
inertia of each part in detail, it gen- 
erally suffices to approximate each 
part by a solid or hollow cylinder or 
rectangular prism and then carry 
through the calculation on this basis. 
If a borderline situation results be- 
tween two brake sizes, then calculate 
the inertias in detail—but, in general, 
the range of torque capability of each 
size is so wide that rough calculations 
will do the job. 


system 


Braking accuracy 


In many high-cycle applications, 
the specified stopping interval is 
actually a statement of how far the 
brake load will travel from the mo- 
ment the brake is energized (such as 
by actuating a limit switch) until the 
load comes to rest. The stopping in- 
terval can be calculated directly from 
Eq (6). As a rule of thumb, the load 
travel during the stopping interval will 


circuit for shortening magnetic flux buildup time. 


vary within +20% or less on repeated 
stops. 

For example, the amount of load 
travel in stopping a 1800 rpm load in 
1 sec would be 15 revolutions +3 
revolutions. If tighter control is 
necessary, the stopping interval can be 
shortened through the use of over- 
excitation controls to reduce the vari- 
ance. 


Clutch-brake combinations 


In many high-cycle applications— 
particularly when more than 10 cpm 
are called for—the brake is used in 
combination with a similarly oper- 
ated clutch, Fig 7. By releasing 
the clutch as the brake is energized, 
the drive can remain up to speed while 
the load is braked. When the brake is 
released, the clutch picks up, and so 
on. This avoids stopping and starting 
the motor and shortens the over-all 
cycle time. Also, because the motor 
is disengaged from the load before the 
brake is applied, there is less inertia to 
be stopped by the brake. The load 
can be stopped faster, or a smaller 
brake used (with a reduction in both 
brake armature inertia and cost). 

With the motor always up to speed, 
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builds up exponentially followed by 
the torque, Fig 9. However, when 
the brake is de-energized the torque 
falls off faster than the flux. Thus 
when the flux has built up to 90% 
of its full value, the torque is only 
80% of its full value; but when upon 
de-energization the flux has fallen to 
10% of its full value, the torque will 
have dropped to 1%. (Full torque is 
the pick-up curve value corresponding 
to the current setting and slip speed.) 
The time required for 90% flux build- 
up ranges from 0.055 sec for a 5-in.- 
dia brake to 0.350 sec for a 15%-in. 
unit. Flux decay time to 10% ranges 
from 0.020 to 0.150 sec for the same 
units. 

For extremely short duty cycles, 
the flux build-up time is considerably 
reduced by employing overexcitation 
circuits. With these, the brake when 
energized is subjected to a temporary 
over-voltage of two to six or more 
times its normal operating voltage, 
and the voltage is then reduced to 
normal as the flux comes up to full 

value. A typical overexcitation scheme 
using light bulbs in series with a 90-v 


9.. Buildup and decay... 
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of flux and torque in electrically actuated brake. 


its full pull-out torque—which is sub- 
stantially higher than its starting 
torque—is available to accelerate the 
load when the clutch is engaged. A 
flywheel is easily placed between the 
clutch and the motor to aid load 
acceleration. A smaller motor can 
often be substituted, and there is no 
danger of overheating the motor by 
exceeding its duty-cycle limitations— 
10 cpm is a typical maximum for open 
motors, less than 5 cpm for enclosed 
motors. Wear on the motor starters is 
also reduced. 

Clutch and brake can be mounted 
on the same or different shafts. Gen- 
erally the same size clutch and brake 
are used. Each has sufficient control 
range to make up for any differences 
in stopping and starting torques re- 
quired. Where the clutch must ac- 
celerate a heavy friction load or per- 
form a substantial amount of work 
during the acceleration period, how- 
ever, a one size larger clutch may be 
required. On a lathe, for example, 
the friction loading during the period 
of acceleration is frequently negligible. 
But for a mill drive or a loaded uphill 
conveyor the friction load can be 
severe. 


CONTROLLING BRAKES 

One of the pimary advantages of 
electric brakes for high-cycle applica- 
tions is that they can be electrically 
controlled by  pushbuttons, limit 
switches, photo cells, relays or any 
other device that can act as an electric 
switch. Direct-acting electric brakes 
require direct current for their opera- 
tion, but the few watts needed—less 
than 40 w for even the largest units— 
can be rectified from a 120-v ac 
source. Or for mobile equipment 
applications, brakes are built with 
coils that operate directly from 
automotive batteries. 

Electric brakes are treated as in- 
ductances in circuits. This means 
that the current through a brake coil 
resists instantaneous change. Arc- 
suppression devices such a capacitors 
or diodes should be connected across 
electric brake terminals to provide a 
means of dissipating the stored energy 
and prevent arcing whenever the brake 
switch is operated. 

Also, when a brake is energized, 
full torque is not developed immedi- 
ately. Instead, as the current through 
are coil builds up, the magnetic flux 
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brake coil is shown in Fig 8. When 


the brake switch is first closed, the 
light bulbs are cold and their electrical 
resistance is low. Consequently, al- 
most the full output of the voltage- 
doubler rectifier is applied across the 
brake coil. Then as the light bulbs 
heat up, their resistance rises and the 
brake voltage drops to 90 v. By this 
method the build-up time of the 5-in. 
brake is reduced from 0.055 to 0.014 
sec, and that of the 15%-in. unit from 
0.350 to 0.090 sec. 


For reprint of above article, just check 
641 on one of the Reader Service 
cards found in this issue. 


EDITOR’S NOTE: For more about 
clutch-brake and brake systems see: 

How to Select Electromagnetic 
Clutches and Brakes for Automatic 
Control, Dec 19 °60, p 29—Article 
covers clutch-brake, duplex-clutch, 
double-coil clutch-brake, and triplex- 
clutch systems. 

Realistic Ways to Speed Response 
of De Clutches and Brakes, Jan 23 
61, p 41—Shows how external cir- 
cuits can reduce response time. 

New Equations and Coefficients 
Speed Design of External Shoe Brakes, 
Nov 23 °59, p 75—External shoe 
brakes have high braking-torque ca- 
pacity and better heat dissipation. 
Here is a “cook-book recipe” that re- 
duces the usual lengthy analysis time. 

Spring Clutches for Faster Re- 
sponse, Apr 4 ’58, p 57—Article gives 
applications and design examples. 
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8 Fastener comparisons 


A variety of basic applications show how these rings 
simplify design and cut costs. 


HOWARD ROBERTS, manager, engineering services, Truarc Retaining Rings Div, Waldes-Kohinoor Inc, Long Island City 1, NY 


Collar-width of 
Mmorterial saved 


Broken tines here and 

on other drawings 

how how much metal 
scrapped by machining, 

r saved by using 

Spring TING 





MACHINED SHOULDERS are replaced 
with savings in material, tools and time. 
Grooving for ring can be done during a 
cut-off, or other machining operation. 











RINGS THAT CAN REPLACE cotter pin WHEN COLLAR AND SETSCREW are sub- 
and washer are economical since only one stituted by ring, risk of screw vibrating loose 
part is required and pin-spreading operation is avoided. Also, no damage to shaft by screw 
is not needed thus cutting time and costs. point occurs—a frequent cause of trouble. 
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RETAIN COMPONENTS on diecastings with SHOULDER AND NUT are replaced by two 
retaining rings. A flat ring replaces the shoul- 


a simple-to-use grip ring. Slipped over the ! 
end of the shaft, the ring exerts a frictional der, while a bowed ring holds the component 


hold against axial displacement of the shaft. 


on shaft for resilient end-play take-up. 
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THREADED INTERNAL FASTENERS are 
costly because of expensive internal thread- 
ing operation. Simplify by substituting a self- 
locking retaining ring—see lower drawing. 


COVER-PLATE ASSEMBLY has been re- 
designed (lower drawing) to avoid use of 
screws and machined cover-plate. Much thin- 
ner wall can be used—no drilling or tapping. 





HEAT-FORMED STUD provides a shoulder 
against retained parts but must be scrapped 
if the parts must be disassembled for serv- 
ice. Self-locking ring can be easily removed. 





Now on a production basis 


Electron-beam melting 


It competes successfully with vacuum-arc or sintered 
powder to produce low-gas content, high-purity 
alloys with exceptional strength at high temperatures, 


MORT SCHUSSLER, Refractory Metals Branch, Haynes Stellite Co 
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sat Hay nes Stellite is designed for _ ingot. To maintain the plasma, vacuum dow in front of operator provides a 
either side feed, for melting feed stock must be 0.1 micron or better, with 15,- view of the plasma and melting zone. 


and scrap, or top feed for remelting 000-volt accelerating potential. Win- Power supply is capable of mai 


ntaining 
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NCREASING need for materials 

with high strength at elevated tem- 
peratures is directing atteption to the 
“refractory” metals—tungsten, molyb- 
denum, tantalum and columbium. But 
all of these metals and their useful 
alloys combine readily with oxygen at 
welding or melting temperatures. 
Heating for welding, alloying or billet 
casting therefore requires effective pro- 
tection from oxidation. 

Powder metallurgy and vacuum 
melting have both been helpful in 
producing these metals on a laboratory 
or limited-production scale in forms 
suitable for fabrication into sheet and 
rod. But even the best equipment and 
practice has failed to deliver the full 
potential of some of these new alloys 
on a production scale—columbium, in 
Particular. 

Columbium and its alloys offer un- 


~ 


a current of 20 amp (300 kw), but re- 
quires complex control backed up by 
an operator, and manual control of 
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usual promise in high-temperature ap- 
plications, delivering useful strength 
at fémperatures well above the range 
eof any of the materials having high 
strength at normal temperatures. But 
consistent ductility needed for cold 
working, freedom from porosity, and 
weldability are all strongly influenced 
by mere traces of impurities—and the 
metal literally soaks up impurities at 
melting temperatures. 

Electron-beam melting on a produc- 
tion scale (350 lb ingots, up to 6-in. 
dia) has solved the problem. 

Purity achieved by this process gives 
consistent physical and mechanical 
properties, including good formability. 
Melting in the high vacuum required 
for establishing the plasma beam re- 
sults in nearly complete removal of 
dissolved gases. Most other impurities 
are volatized by the heat and high 


continued on next page 


feed for melting stock. High vacuum re- 
moves oxygen, hydrogen and carbon; 
improves fabrication and weldability. 





The 
forming 
methods 


SINTERED POWDER 

Pure metal is reduced to powder, 
compacted to a green bar and sin- 
tered in a high vacuum. Maximum 
weight of bar is about 20 Ib. 


CONSUMABLE-ARC 
VACUUM MELTING 


We compact powder to form an 
electrode and arc melt it (at high 
current and low voltage) in a vacu- 
um of 1 to 50 microns to form in- 
gots up to 6 in. dia weighing up to 
130 Ib. 


ELECTRON-BEAM MELTING 

Solid ingots or compacted scrap are 
fed into the plasma of an electron 
beam in a vacuum maintained at a 
pressure less than 0.1 micron. The 


electrons are emitted from a 
heated tungsten filament and are 
driven to the melting stock at a 
plasma current of 20 amp at a 
15,000 volt potential; metal is 
heated and melted by bombardment 


of electrons. 


First melt employs a long plasma 
confined by a focusing coil, and 
feed stock in fairly compact form 
is inserted from the side. Molten 
metal drips off end of feed stock 
and solidifies in water-cooled mold. 
Ingot is withdrawn under manual 
control as metal solidifies. 


In the second melt (to further 
purify the metal) the end of a previ- 
ously cast ingot is lowered through 
a close gun into a short plasma 
consisting of a cloud of ionized 
metal. Droplets of molten metal 
fall into the ingot mold and solidify. 


Elimination of impurities, includ- 
ing traces of dissolved gases, adds 
consistent high ductility and im- 
pact resistance, and improves weld- 
ing characteristics. 
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Powder metallurgy 
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About columbium... 


Rated as the third most abundant metal in the 


Impact strength... 


- + particularly at low temperature is 
improved by electron-beam melting. 
Comparison with vacuum-arc melting 
and powder metal processes was made 
using a conventional Sonntag Universal 
impact machine. Tests were conducted 
by Westinghouse under contract to Wright 
Air Development Div, and reported in 
WADC TR 59-344 Part IV. 

Materials were similar in composition, 
impurities and grain size; hardness for the 
powder-metal material was somewhat 
higher than the other two materials. 

As shown, electron-beam melting sup- 
presses the transition from ductile to 
brittle behavior to —200 F, well below 
any normal level. 


Room-temperature properties of refractory sheet materials 


earth’s crust—exceeded only by iron and chromium 
—columbium has properties closely similar to iron 
but a much higher melting point, and excellent 
strength at “red” heat. For example, an electron- 
beam melted an alloy with 10% tungsten and 5% 
ziconium, Haynes alloy Cb-752, has an ultimate 
strength greater than 25,000 psi at a temperature of 
2400 F; and the alloy retains ductility down to 
—150 F. It fabricates by conventional means (see 
“Theoretical Formability” PE—Oct. 16 °61, p 71), 
and welded joints are ductile. Mill products avail- 
able from Haynes Stellite include sheet down to 
0.020 in. thick and 24 in. wide, rod from 3 in. dia 
down to wire yy in. dia, and plate up to %s in. thick. 

In addition to exceptional strength at elevated 
temperature, columbium has low neutron absorp- 
tion, high ductility, and the lowest density of the 


Columbium Tantalum Molybdenum Tungsten 





Tensile strength, psi 40,000 


90,000 


150,000 





50,000 
35 


Ductility, % 40 





23 


3 





Density, Ib/cu in. 
Elastic modulus, psi x 10~ 
Specific heat, btu/Ib/F 


0.310 0.601 
16 





27 





Thermal e 
microin./in./F 
Thermal conductivity, 

% of copper 


3.62 








Electrical conductivity, 
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Neutron absorption, 





0.369 


52 


0.065 0.033 0.061 


2.84 


0.697 


refractory metals. 


vacuum. Metal going through two 
electron-beam melting cycles will have 
interstitial impurities (oxygen, hydro- 
gen and carbon) reduced to less than 
200 parts per million, compared with 
concentrations of 500 ppm usual for 
vacuum-are melting. 

Ductility and toughness (low notch 
sensitivity and good impact strength) 
are substantially better than obtained 
with sintered-powder or consumable- 
electrode vacuum-arc melting. (See 
accompanying summary drawn from a 
recent report.) 

Sounder welds are possible with 
E-B melted material because of lower 
gas content, and a transition tempera- 
ture maintained well below usual serv- 


barns/atom 


ice temperatures. Affinity of the metal 
for oxygen and nitrogen, combined 
with the influence of small concen- 
trations on the transition temperature, 
call for highly effective protection of 
the surfaces during welding—a trailer 
shield for arc welding, a controlled 
atmosphere chamber, or electron-beam 
welding in vacuum. 

Large ingots obtainable makes pos- 
sible larger size of sheet or plate than 
possible with sintered powder, and E-B 
melting readily recycles and refines 
scrap which reduces material costs. 


EDITOR’S NOTE—In addition to the 
PRopUCT ENGINEERING special report 
on “Theoretical Formability” referred 


to in the note “About Columbium,” 
these earlier articles include design 
data on columbium. 

The Refractory Metals, May 25 °59, 
p 43—Problems in forming and weld- 
ing columbium, tantalum, molyb- 
denum and tungsten. 

Exotic Metals Seek Employment, 
Mar 17 °58, p 66—Comment on 
columbium as a structural material, 
along with eight others ready for use. 

What Beryllium Can Do For You, 
Feb 20 ’61, p 82—Table compares 
physical properties of the refractory 
metals and 12 others; also, a rundown 
on what beryllium offers in strength- 
weight ratio. 

—R. W. Carson 
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PRODUCT DESIGNS 











Spring—| 


Support—e# 
bracket 








DOUBLE-PIVOT drive assembly con- 
sists of the vertically mounted motor, 
main drive and water discharge pump. 
The motor pivots on either of two nylon 
and rubber rollers which move in a 
slot in the support bracket. The tension 
spring maintains a slight preload during 
idle periods to prevent the belt from 
jumping off the drive puiley. The main 
drive uses concentric drive members plus 
an overrunning spring clutch. When 
driven CW the transmission produces re- 


Motor mount pivots for 


Controlled tension 


Belt tensioning proportional to load 
plus simplified access cut washing 
machine service costs. 


EDUCED service time and cost 

can best be achieved at the draw- 
ing board stage. Norge’s approach 
was to reduce peak loads on critical 
components and simplify access to 
components subject to the most wear. 
A double-pivot motor mount adjusts 
belt tension to load and three panels 
provide access to the components most 


frequently involved in service calls. 
Removing the back-guard front panel 
and toe plate, plus opening the hinged 
top, permit maintenance access from 
the front. The 1962 household auto- 
matic washer line, consisting of four 
basic models, is produced by Norge 
Division of Borg-Warner Corp, Chi- 
cago, Ill. 














ciprocating motion for agitation, CCW 
rotation produces a high-speed spin mo- 
tion. 

When the agitation cycle is completed 
the motor is momentarily idle with the 
right roller bottomed in the right-hand 
slot. When spin-dry starts (A) the start- 
ing torque produces a reaction at the 
stator pivoting the motor on the bot- 
tomed roller. The motor pivots until the 
opposite roller bottoms in the left-hand 
slot. The motor now swings out until 
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B Spinning 


restrained by the V-belt, which drives the 
pump and basket. 

The motor, momentarily at zero rpm, 
develops maximum torque and begins to 
accelerate the load of basket, water and 
wash. The motor pivots (B) about the 
left roller increasing belt tension in pro- 
portion to the output torque. When the 
basket reaches maximum speed the load 
is reduced and belt tension relaxes. The 
agitation cycle produces an identical re- 
action in the reverse direction. 


$1 








Breath controls 


Pressu:i 


-sensitive valve supplies con- 


trolled pressure upon demand for me- 
chanical respiration. 


RESSURE breathing therapy unit 

is used in treatment of acute or 
chronic pulmonary diseases to assist 
breathing. During inhalation the lungs 
are inflated by controlled air pressure, 
then the unit permits the lungs to de- 
flate normally. Breathing rhythm is 
not automatic, being controlled by the 
requirements of the patient. Self con- 
tained IPPB (Intermittent Positive 


Pressure Breathing) unit delivers up to 
90 liters of air per minute at pressure 
up to 0.42 psi. The Bennett Pressure 
Breathing Therapy Unit (Flow Sensi- 
tive) Model AP-4 is produced by 
Bennett Respiration Products, Inc, 
Santa Monica, Calif. Industrial design 
of the package was handled by a con- 
sultant. See details of housing and 
accessory design on page 84. 
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Compressor-powered intermittent posi- 
tive pressure breathing (IPPB) units 
usually use a high capacity compressor 
to supply all of the air needed for 
therapy. This increases the size, weight 
and cost since the compressed air re- 
quires a cooling system to reduce the 
air temperature to ambient. 

The approach taken by the designer 





t | Atomizer 


Cycling attochment 


of the AP-4 was to run the pump 
at a low pressure (6.5 psi), bleed some 
of the compressed air to an atomizer 
(for medication) and jet the remainder 
through a venturi. The jetting action 
entrains room air so that one part of 
compressed air is mixed with four 
parts of room air. The mixture is 
passed through a relief valve set at 


the desired pressure and delivered to 
the flow-sensitive demand valve. This 
enables the designer to use a small 
lightweight rotary vane pump running 
at constant speed and load. Since only 
20% of the air to the user is com- 
pressed, no cooling system is required. 
The low pressure eliminates conden- 
sate removal problems. 
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breathing aid 








Uj Yl OOOO, 
J Z Uy y "Uy / 4/) / : 4 


Yj Z, Ly Y Uy Uy 4 VY, / , tf, , Vy Jf, / 
Jy YY Yj Control Yy L A Control Mit tijtty) 
Uff); Yiu: 


pressure fff vessure 








Atmospheric Contro/ 
pressure ° pressure 


C6 


\, Atmospheric WW 
pressure 


Atmospheric Z Uy 
pressure —Y Yy YY 








Control 
Ya pressure 





DEMAND valve is balanced on jeweled 
bearings and operates with pivot axis 
horizontal. As the patient starts to 
breathe in, the exhalation flapper valve 
closes, and the pressure in the breathing 
tube is lowered about 0.5 cm HsO. This 
rotates the main vane CCW (A) opening 
the pressure port to the breathing tube. 
Air pressure from the diluter swings the Yy , 
vane to the full open position (B) deliver- Yfyv pressure 
ing air to the patient’s mask. Since the Yj; YU, 
lungs are a closed system, flow decreases 
as soon as they become fully inflated. The 
pressure drop across the vane is then re- 
duced. The offset center of gravity of the 
valve rotor then rotates the vane (C) to 
the closed position for the next cycle. 
When the vane rotates to the closed posi- J 
tion the exhalation valve opens allowing “Mf Control 
unrestricted evacuation of the lungs. Uy ’ pressure 
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PRODUCT DESIGNS Breathing aid . . . continued 








AFTER the engineering problems had The basic package form evolved from by removing four screws on the base- 
been solved the producers called in In- _ the use of formed aluminum sheet stock. plate. Exposed piano hinges provide 
dustrial Design Consultant Harvey C. This was dictated by the low production 270° movement of both front and rear 
Bjornlie to package the components. The quantities involved and the resultant panels. The self-retracting handle is alu- 
goal: A compact, portable package, con- simplicity of fabrication. Housing is minum bar stock with a machined relief 
venient to operate and carry. slipped off for servicing of components for hand comfort. Support arm, which 


1 pump - 4 controls 


Single plate integrates four variables 
to match pump output to engine fuel 
requirements. 





NDIRECT injection system is 

offered as an optional accessory, 
develops 85 hp at 5500 rpm compared 
to 72 hp for the normally carbureted 
1618-cc four-cylinder engine. Injec- 
tors are located in the intake manifold 
and operate on the intake stroRe rather 
than directly into the cylinder during 
compression. Fuel injection system is 
installed on the Peugeot 404 con- 
vertible produced by Societe Anonyme 
des Automobiles Peugeot Sochaux, 
France. 
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carries the weight of the hose and ato- 
mizer, telescopes like an auto aerial and 
rotates in a vertical plane. Frictional 
torque at the mount is supplied by a 
polypropylene disk spring loaded by 
belleville washers 


Engine 


MMMM 


a 
Saet ge 


Lifting front panel exposes controls and 
indicators required for adjusting machine 
and monitoring its operation. Valve as- 
sembly can be removed from front panel 
for cleaning or servicing and all attach- 
ments are connected from this side. 


All accessories normally used with the 
breathing therapy unit are stored in a 
compartment located behind the rear 
panel and readily accessible by unlocking 
and lifting piano-hinged panel out of 
the way. 
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a Bullertly valve 


PUSH-ROD plate is juggled by four 
inputs to match injection pump out- 
put to engine load-speed conditions. 
Pump stroke ranges from 3.2 mm for 
a full charge down to 1.7 mm to 
supply engine during variations in 
speed, load, temperature and during 
starting. Stroke starts when the en- 
gine-driven injector cam contacts the 


push rod. With the push-rod plate 
all the way down the stroke starts 
30° after the intake valve opens and 
ends 60° later. One end of the push- 
rod plate rests on a 3-dimensional 
cam. Rotational input to the cam is 
produced by an eddy-current synchro 
whose speed is proportional to engine 
speed. Axial movement of the cam 





Starter cable 


is produced by a linkage connected 
to the air-intake butterfly valve. Two 
inputs at the other end of the push-rod 
plate vary the position of the pin 
around which the plate pivots. The 
thermostat corrécts for engine tem- 
perature and the starter cable lowers 
the plate to provide maximum injec- 
tion for starting. 
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Adhesive 


Gluepot problems? Take a look at 


Today’s film adhesives 


Simple-to-apply films lower costs for adhesive joints. 
Bonuses include higher strength, improved reliability 
and closer dimensional tolerances. 


E F HESS product manager, 


is easy to see why structural film 

adhesives are competing for many 
of the jobs now assigned to liquid 
adhesives. In comparison with the 
same adhesive in liquid form, films 
are simpler to use, therefore lowering 
over-all cost of producing the bond, 
while giving the same strong reliable 
joints. 

Ease of application speeds production 
of adhesive bonds. Films offer these 
production advantages: 

They require no mixing. For cat- 
alyst-activated liquids, the two-part 
epoxies, for example, mixing is crit- 
ical—resin and hardener must be in 
the proper proportions. If the amount 
of hardener is insufficient, the reac- 
tion will take too long and bonds fail 


if loads are applied before the adhe- 
sive cures completely. Too much 
hardener, on the other hand, shortens 
useful pot life. 

Films contain no solvents. This 
avoids extra safety precautions re- 
quired in storing the adhesive, and 
eliminates need for ventilation to carry 
away inflammable vapors from bond- 
ing areas. 

Production cycle is less critical. Parts 
can be assembled immediately or can 
be stored before assembly. With liquid 
adhesives, joints must be kept open 
to allow solvents to dry before the 
parts are assembled. If open time is 
too short the entrapped solvent can- 
not escape and will permanently 
weaken the joint. If the joint is held 


adhesives coatings and sealers div, Minnesota Mining and Mfg Co 


open too long, the adhesives lose their 
tackiness and also lose strength. 
Epoxy-base liquid adhesives con- 
tain no solvents and need no open 
time before bonding. They usually are 
bonded immediately after application. 
Film handling is simple. No brush- 
ing or special machines are needed 
to apply the adhesive evenly over 
large areas and parts with the adhe- 
sive applied are easier to handle be- 
cause the films are not sticky or tacky. 
Dry films are less hazardous. Sol- 
vents and other components in liquid 
adhesives can irritate the skin of 
people who are allergic to these chem- 
icals. The dry films are not active 
until heated. 
They can be limited to the bonding 


How structural film adhesives compare 


| 


type Offers 


th 


3M 
designation 


Service 
temperature 
range, F 


Shear strength, psi 
(aluminum to aluminum) 


75F 180 F 300 F 400 F 


1750 700 470 


3040 
4180 
3800 
3200 


AF-10 
AF-30 
AF-31 
AF-32 


| | 
. : i t- 
| 


70 to 180 
70 to 300 
70 to 400 

-70 to 250 | 

a 


70 to 200 


PHENOLIC 
MODIFIED 
NITRILE 


High peel strength, 
elevated-temperature 


properties 620 


1050 
510 


1800 
2100 
900 





2200 
2800 
2000 





MODIFIED AF-110 4700 4100 350 


EPOXY 


| High shear strength, 
filleting properties 
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UNIFORM STRENGTH OVER LARGE AREAS is ensured by film adhesive 
in this Convair 880 wing. While the rivets will carry the entire design load, the adhes- 


25% 


“~~ 


ive bond adds 


strength and seals off wing compartments so they can used as 


fuel tanks. Here film adhesives are being placed on spar and wing section is shown 
at right going into a baking oven for the final curing bond. 


area. This is especially useful in parts 
like manifolds where intricate pas- 
sages must be kept free of any ob- 
struction. 


Strong, consistent bonds are insured 
because films provide optimum thick- 
ness of adhesive at the joint. With 
some adhesives this optimum. thick- 
ness must be within a comparatively 
narrow range for best combina- 
tion of tensile shear and peel strength. 


Better dimensional accuracy is pos- 
sible because films cure to a known 


in strength and application 


Film thickness 
before cure, 
mils 


Peel strength at 75F, 
Ib per in. width 


9 toll 
9 toll 
9 toll 
9 to 11 


95 to 100 
75 to 80 
55 to 60 
105 to 110 


45 to 70 14 to 16 
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Recommended 
primer 


EC-1660 
EC-1459 
EC-1660 


EC-1682 


thickness. Also, because the adhesive 
is not tacky, parts can be accurately 
positioned in relation to each other 
before clamping. 


Less wastage further lowers cost be- 
cause thickness of adhesive can be 
kept to a minimum. In large con- 
tinuous areas, this can mean a savings 
of 25 to 50%. Cost savings, however, 
can be offset if the shape is such that 
large internal areas must be free of 
bonds. For exampie to bond a flange 
on a 12-in. pipe will waste the center 
portion of the film sheet unless smaller 


Cure for optimum properties 


time temp 
min F 


pressure 
psi 


60 
60 
60 
60 


150 
150 
150 
150 


25 


Remarks 


Can be bonded at lower pressures. 


Retains strength at elevated temperature. 


Good flexibility, resists shock loads. 


Cures at low pressures 








shapes are also being bonded. An 
alternative is to order precut shapes 
from the adhesive manufacturer who 
may be able to plan production to uti- 
lize the remaining film— if the pieces 
are large. 

Disadvantages of using film adhe- 
sives are that parts must mate accu- 
rately, surfaces must be relatively 
smooth, joint shapes essentially flat; 
and the materials must be able to 
stand heat of the curing temperatures. 
Also, films are handled manually. 


Close fitting parts are esseniial. Parts 
should mate before clamping with a 
gap less than the film thickness. While 
liquid epoxies will fill voids up to 
0.020 in. or more, film adhesive will 
not give uniform bond strength if 
pressures are not uniformly applied. 


Smooth adherend surfaces are a must 
because the films do not have the 
surface-conforming characteristics of 
liquid adhesives. Generally, surfaces 
much rougher than 100 microin. are 
poor for film bonding. Sometimes 
bonding on rough surfaces may be 
improved by priming, but this adds 
the cost of an extra production step. 
Flat surfaces are necessary so that 
films can be applied without wrinkles 
or bubbles. A flatness also allows pres- 
sure from clamps or fixtures to trans- 


DIE-CUT FILM SHAPE seals mani- 
fold passages and assembles parts. Nit- 
rile phenolic film limits adhesive to the 


ye 


mit pressure evenly to the bond line. 
When quantities are small, parts with 
compound curves may be bonded 
with films by cutting and fitting the 
film to conform to the surface, but 
this is not practical for production 
runs. Tongue-and-groove butt joints 
and cylindrical joints are not suitable 
for bonding with film adhesives be- 
cause they require complicated fix- 
tures to maintain the necessary pres- 
sure. 


Heat must be applied to bond the 
parts. If materials cannot withstand 
bonding temperatures of 350 F, then 
you must use another type of structural 
adhesive formulated to cure at room 
temperature. 


How to apply film adhesives 


Adherend surfaces must be thor- 
oughly cleaned. Cleaning procedures 
for film adhesives are as stringent as 
those for liquid adhesives. Various 
steps in cleaning include vapor or 
solvent degreasing, abrasive blasting 
and chemical cleaning. (For more de- 
tails on cleaning cycles see: Preclean 
Metal and Plastics for Adhesive Bond- 
ing, Aug 14 61, p 55.) 

To position film adhesives, the 
paper liner is stripped off and the 
film slid into place. If the film must 
be positioned on a vertical surface it 


ee 
“Ba let iad 
bond area because it does not flow. Two 
nuts and bolts of carbon steel supply 
pressure and are left in to be painted 


can be tacked on by heat or activated 
with a solvent. The simplest method 
is to press the film to the surface be- 
fore the surface cools after oven dry- 
ing—the last cleaning step. Surfaces 
should be 180 to 200 F for the film 
to stick. An alternate method is to 
use a sharp electrically-heated needle 
to tack the adhesive directly through 
the liner. 

If the parts are not bonded imme- 
diately after cleaning, a primer should 
be sprayed on to keep them clean. 
The primers are low-solid solutions 
of the adhesive and will not mate- 
rially reduce strength of the bond. 
Some magnesium alloys require prim- 
ers under any circumstances. 

Parts are then clamped to provide 
the pressure needed to contain vapors 
given off by volatiles during curing. 
If minimum pressure is not main- 
tained during the cure the vapors 
will cause a porous bond with low 
strength. Pressure should be applied 
uniformly before the bond is heated. 
As the temperature reaches about 170 
F the film softens and becomes tacky. 
Here the applied pressure causes some 
filling of surface irregularities by the 
adhesive. At about 200 F the adhe- 
sive flows and wets the adherends. 
Polymerization begins about 230 F 
and is complete at 350 F. 
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with the assembly. In former procedure 
sealing was last step because paint baking 
temperature was too high for sealant. 
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The adhesives 

High-strength film adhesives for 
structural applications are usually of 
two types—nitrile phenolic adhesives 
and the newer modified epoxies. 

Nitrile phenolic films are more 
common because they offer low-cost 
bonds with exceptional resistance to 
deterioration from hydrocarbons and 
water. Their resilience gives high peel 
strength, even at subzero tempera- 
tures, and damping properties that 
lower fatigue stresses. However they 
have lower creep strength than 
epoxies, require high pressure (about 
150 psi) during the bonding cure. 


EDITOR’S NOTE: Other articles 
dealing with adhesives and designing 
joints for them: 

Preclean Metals and Plastics for Ad- 
hesive Bonding, Aug. 14 °61, p 55— 
Gives detailed cleaning cycles for a 
large number of common metals and 
plastics. 

Why Not Weld It Chemically? Feb 
29 *60, p 58—Reviews bonding with 
structural adhesives as a high strength 
method for assembly of metal parts. 
These Parts Carry Their Own Ad- 
hesives, Mar 2 °59, p 57—Discusses 
pressure sensitive adhesives; how they 
perform and design considerations. 


“ * 
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DISSIMILAR METALS—diecast alu- 
minum and iron metal powder combine 
wear resistance and light weight in this 


i = 


The modified epoxy film (AF110) 
has less resistance to elevated tempera- 
ture than the nitrile phenolics but 
offers higher shear strength up to 
180 F. It has good adherend wetting 
characteristics and will flow during 
bonding to form fillets. Also, no vola- 
tiles are formed during heating so 
bond pressures required are low. Peel 
strength is lower than for the nitrile 
phenolics although this epoxy film is 
formulated specifically for high peel 
strength. (Peel in normal epoxies is 
about 10 Ib per in.) 

Peel strength however is not con- 
sidered essential if the bonded parts 


Stresses in Adhesive Joints, July 7 ’58, 
p 64—Analyzes six basic joint con- 
figurations and flow to calculate their 
stress concentrations. 

Sandwich Panel Adhesives, May 26 
58, p 56—Compares the 14 most 
widely specified adhesive types. 
Which Adhesive for What? Mar 17 
58, p 66. Tells what a good struc- 
tural adhesive should do, compares 
basic types in chart form and gives a 
simplified shopping list. 
Single-compcnent Epoxy Adhesives, 
May °57, p 109—Covers strength and 
curing data for paste adhesive requir- 
ing no hardener. 


08 3 
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inlet plate for an air-powered tool. Ad- 
hesive cost is 1.7¢ for production quan- 
tities of 35,000 per year. Metal-powder 
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are both thick enough to be rigid. 
It is considered important if one or 
both of the members are thin and 
flexible like thin aluminum skins used 
in aircraft structures. 

One special feature that films offer 
is the possibility of making up com- 
posite adhesives. These consist of a 
support layer with high-peel strength 
film on one side and a self filleting film 
on the other. They were developed 
specifically for bonding honeycomb 
sandwich panels but offer advantages 
in other applications where the two 
surfaces to be bonded are of dissimi- 
lar materials. 


Adhesives for High-temperature Ap- 
plications, Mid-Oct °58, p 25— 
Evaluates several types of epoxy resin 
adhesives under different loadings. 
Adhesive-bonded Metal Joints, Jul ’55, 
p 170—Adhesives evaluated in static 
and impact tests show that shear 
strength of lap joints are not affected 
by rate of loading. 
Selecting Engineering Adhesives, Sep 
°51, p 123—Comprehensive report 
classifies adhesive types, gives tensile 
shear and impact data and supplies 
basic rules and joint designs for strong 
bonds. 

—Herbert Kee 


ate bal 


part acts as a thrust bearing surface and 
the aluminum diecasting channels inlet 
air into the rotor. 
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Speed and efficiency are principal advantages of the open 
stock room. Here, scientist selects pipe fittings for his particular 
need. Small items such as these are displayed in ordinary breadpans 
hooked to pegboard. As in a supermarket, he puts the hardware or 
raw materials in his pushcart and moves to the checkout counter 
when his shopping is done. 


Engineers go 


| Laboratory 


J H PRINCE, material supervisor 
General Atomic Div 
General Dynamics Corp. 


OHN JAY HOPKINS Laboratory 
for Pure and Applied Science is 
another California superlative — the 
largest and most diversified privately 
owned nuclear laboratory in the world. 


Checkout counter also serves ‘. re- 
ceiving dock for incoming goods. Cab- 
inets under wheel conveyor contain pack- 
ing and other materials 
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’ 
' 
! 
; 


shopping in 


supermarket 


Hardware is displayed in open bins 


so engineers can choose 


exactly what they want. 


Located atop San Diego’s Torrey Pines 
Mesa (see below), the laboratory is 
part of the General Atomic Div, Gen- 
eral Dynamics Corp. The arc-shape 
structure in center contains 150 indi- 


Other side of the pegboard is ordi- 
nary steel shelving. It is used to stock office 
supplies and other materials of regular 
size. But the pegboard backing can be 


vidual laboratories—space for more 
than 750 scientists, engineers and tech- 
nicians. Sprawling nearby is a build- 
ing housing the supermarket, enclosing 
12,000 sq ft of warehouse space. 


Photos by DeWayne Tappe, General Atomic Div 


used to hang things on this side too—like 
the breadpans at far right. Displayed 
this way. The stock can be checked 
quickly by a clerk walking down the aisle 
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Catalog file desk near warehouse en- 
trance directs shoppers to any of the 9000 
stock items. For reference, each aisle is 
coded with a number and letter; each bin 
is labeled and identified by code number. 
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Small hardware and electronic com- 
ponents, such as these wire-wound resis- 
tors, are stored in open-top fruit jars rest- 
ing in brackets hooked to the pegboard. 
The glass jars make selection easy, aid 
stock clerks when taking inventory. 


Bulk material is suspended from the 
pegboard too, or stored in cabinets in the 
end of these display racks. For rolls and 
tubes of variable length, there are special 
back-slanting shelves, which also hang 
from the board on similar brackets. 


91 





Higher-temperature insulation for 


Overload margin in motors 


Enclosed motors are now being standardized with 
class-B insulation to match class-A open motors in 
overload capacity. Here’s why. 


R F WOLL, design engineer, A-C Motor Engineering Dept, Westinghouse Electric Corp, Buffalo, NY 


‘TANDARD enclosed motors are 
normally limited in power to the 
nameplate rating, yet open motors of 
the same physical size have 15% or 
more overload margin—called service 
factor. There is a sound engineering 
reason for the difference: Temperature 
rise is a less restrictive design limita- 
tion in an open motor than in an 
enclosed motor, which is mechanically 
protected to withstand adverse en- 
vironment and abuse. 

This inherent difference in dissipat- 
ing capacity can be a handicap if you 
want complete interchangeability be- 
tween motors of the same rating. (The 
problem is progressively less severe as 
motor size diminishes: The surface 
area available for cooling is large com- 
pared with the volume of heat-generat- 
ing parts for small motors as opposed 
to large.) 

Now there are standard enclosed 
motors up to about 50 hp with serv- 
ice factors equivalent to those on open 


Insulation temperature 


MAX 
TEMPERATURE 
°c 


motors of identical frame and mount- 
ing dimensions. This is important be- 
cause enclosed motors (mandatory in 
many applications) comprise 25% of 
all industrial motors and it sometimes 
happens that an enclosed motor must 
replace an open type for an existing 
machine. For larger ratings, through 
about 150 hp, new designs permit ap- 
plication of service factor to enclosed 
motors built in the same frame size 
as previous enclosed motors without 
service factor. 

The uprating is done with higher 
temperature insulation (class B instead 
of class A), and the motor simply is 
allowed to run hotter at the service 
factor load while maintaining normal 
class-A rise at rated load. Costs of 
class-B materials have dropped consid- 
erably within the past few years (only 
a few dollars more than a class-A mo- 
tor, 5-hp size) and it is now feasible 
to offer a standard line of class-B 
TENV _ (totally-enclosed nonventi- 


lated) and TEFC (totally-enclosed 
fan-cooled) ac induction motors. 
There are other ways to improve 
overload margin in a motor than by 
allowing it to run hotter. For ex- 
ample, increasing field strength of an 
induction motor increases load capac- 
ity. But if this method is carried to 
extremes, the motor will have good per- 
formance at overload but poor power 
factor at rated and lower loads. An- 
other way is to increase the amount of 
electromagnetic material in the motor. 
Limitations here are cost and lack of 
space inside a given frame to hold 
larger parts. Many standard enclosed 
motors are already designed with the 
maximum practical amount of mag- 
netic material. So, service factor is 
improved by using higher-temperature 
insulation on fairly standard parts. 


What service factor does 


Service factor and overload capacity 
are synonymous. A service factor of 


classifications (from AIEE) 


SUITABLE INSULATING MATERIALS 


7 


Past practice of classifying materials by type (epoxy, 
silicone, cotton, and so forth) for various temperature 
ranges is no longer followed, because new, improved 
materials are continually being developed. The modern 
functional method is to pre-prove (with standardized test 
procedures) that the insulation system as a whole is suit- 
able for use at the specified temperature. 
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1.15 means that the motor can be run 
continuously at 115% load (15% 
overload) without exceeding its maxi- 
mum allowable temperature. 

Service factor adds these benefits 
to a motor: increased load-carrying 
ability at normal ambients; cooler run- 
ning and longer life (up to four times 
rated) at normal loads in normal am- 
bients; and smaller physical size, on 
the average, for a given application 
need with resulting cost savings in 
motor, cable and mounting space. With 
service-factor margin available, you 
can plan to run the motor continu- 
ously at nameplate rating (the most 
efficient way to operate a motor) with- 
out fear of damage from continuous 
moderate overload, sporadic excessive 
load or line-voltage variations. 

Here is an example of how service 
factor is determined: A_ standard 
5-hp open motor with class-A insula- 
tion has its rating based on a 40-C 
temperature rise above a 40-C (104-F) 
ambient, measured with a thermome- 
ter. With this 40-C rise, plus the 
15-C allowance for hot spots, the 
maximum temperature that the insula- 
tion will reach at full load is about 
95 C. But class-A insulation can 
withstand 105 C continuously without 
reduction in rated life. Therefore, the 
motor can be safely overloaded (in this 
case 15%) before the real 105-C limit 
is reached. Small open motors (less 
than 1 hp) have even greater overload 
margins: service factors are greater 
than 1.20 or 1.25. But enclosed mo- 
tors normally have no margin: the 
service factor is 1.0. 

Allowable service factor is based on 
actual tests. In testing open motors, 
thermometers may be inserted on the 
windings. But for enclosed motors 
where thermometers are inconvenient 
to use, the motor temperature rise 
may be determined by measuring over- 
all winding resistance before and after 
a suitably long loading period. The 
temperature rise by resistance will be 
somewhat higher than the thermome- 
ter temperature rise because the rise 
by resistance measures the average 
temperature rise of the total winding, 
and thus more closely approaches the 
true hot-spot temperature rise. 
Whereas, the thermometer, of necessity 
placed on the surface of the winding, 
measures a rise that is relatively lower 
than the hot-spot rise. There is ample 
information in the literature to com- 
pare the two methods—thermometer 
and resistance—and most test proce- 
dures carefully make a distinction be- 
tween them. 

Motors for higher temperature are 
slated for the future—five years or so 
away. Predicting the specific class is 


Three common induction-motor types 








TENV (totally-enclosed, non-ventilated) 








Hp at 1.15 service factor 





NORMAL 
HP RANGE 
FOR 1.0 SF 
(CLASS-A) 


MOTOR 
NAMEPLATE 
HP 





40 to 50 





30 to 40 





25 to 30 





20 to 25 





15 to 20 





10 to 15 


























NORMAL 
HP RANGE 
FOR 1.15 SF 
(CLASS-B) 





46.0 to 57.5 





34.5 to 46.0 





28.75 to 34.5 





23.0 to 28.75 





17.25 to 23.0 





11.5 to 17.25 





8.6 to 11.5 





575 to 8.6 





3.45 to 5.75 





2.3 to 3.45 





1.72 to 2.3 








1.15to 1.72 
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guesswork, but class F (155-C hot-spot 
temperature) has been frequently 
mentioned in NEMA discussions (Na- 
tional Electrical Manufacturers Asso- 
ciation). Class-H insulation (180-C 
hot-spot temperature) has been used 
more frequently than class F in the 
past, but the motor surface and bear- 
ing temperatures can become excessive 
and general acceptance is unlikely. 

Special-purpose motors of many 
types already are available with stand- 
ard class-B and higher-temperature in- 
sulation. Mill motors, for example, 
have had class-B insulation for years 
to allow higher ratings in smaller 
frames. Other examples are industrial 
de motors, encapsulated small integral- 
hp motors, and wound-rotor induction 
motors. Mining motors frequently 
are made with class-H insulation 
(180-C hot-spot temperatures), and 
even this insulation is overtaxed in 
some applications. By permitting 
shorter useful life, a 50-hp mine motor 
with class-H insulation can be made 
with 2/3 the weight of a conventional 
class-A motor. 


EDITOR’S NOTE: [hese previous ar- 
ticles have helped to pioneer in the 
rerating and repackaging of motors: 

Non-standard Ratings for Integral- 
hp Motors, June 19 ’61, p 59—One 
manufacturer has added ratings of 
2%, 4, 6%, 8% and other hp values 
in between the standard NEMA desig- 
nations; the user can choose the motor 
closest to his need. 

NEMA Standards for Those Size- 
reduced Motors, Feb 3 °58, p 54— 
Compares the present NEMA frame 
sizes for 40 to 125 hp with those prior 
to the big changeover. 

What the New NEMA Standards 
Mean, Dec ’53, p 144; NEMA Rerate 
Motors, Nov °55, p 195; and NEMA 
Standards for De Motors and Genera- 
tors, Mid-Oct °56, p H-10—These 
three articles summarize the NEMA 
rerate program. 

Temperature is the main limitation 
in motor rating. Here are some re- 
cent articles helping to solve the prob- 
lem. 

How to Choose the Right Electrical 
Insulation, Apr 10 °61, p 41—This is 
a detailed roundup which compares 
all of the properties of insulation per- 
tinent to use on motors, and gives 
detailed descriptions of temperature 
classes, suitable insulations in each 
class, and test techniques. 

Which Heat Protector for the Mo- 
tor, Sept 12 60 p 53—Reviews the 
problems of motor overload protec- 
tion and describes the 5 basic inherent- 
protection schemes. —F D Yeaple 





Molten salt research points way to 


1000-F hydraulic systems 


Steady progress in hydraulic component and system 
design leaves only the fluid as the major block to 
high-temperature applications. 


XTENSIVE research in high-tem- 

4 perature hydraulics, reported at 
two recent conferences, has produced 
the requisite new materials, advanced 
component and system design, and 
fluids to permit operation in the 750- 
to 1000-F range and perhaps beyond. 
Of prime importance, reports William 
E. Mayhew, Republic Aviation Corp, 
is simplicity of design. Unnecessary or 


overly complex components must be 
left out of any high-temperature hy- 
draulic system design. 

The basic rule: A valve not in the 
system does not malfunction. 

The second rule: Judicious compon- 
ent location, can often solve problems 
with thermal variation. Must a hy- 
draulic cylinder, for example, be lo- 
cated at the point of actuation or can 


it be mechanically connected to the 
element it serves? If the service area 
is hot and there is an adjacent cool 
area, a linkage will eliminate the prob- 
lem of high-temperature’ cylinder 
design. Weight and performance penal- 
ties incurred, of course, must be eval- 
uated against the similar penalties of 
locating the actuator in the hot area. 

Stagnant areas (little or no fluid cir- 
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COCL AREA LOCATION of 
actuator permits a lower temperature 
fluid which, in turn, simplifies con- 
struction, cost and weight of the unit. 
However, added structural complexity, 
linkage weight, connection slop, and 
lower spring rate must be evaluated 
when placing the actuator. 


HIGH TEMPERATURE AREA 
cylinder requires design compromises 
to keep elements mated and prevent 
leakage. Here system fluid has a 
maximum useable temperature of 
about 500 F. Actuator body is in an 
ambient temperature area of 800 F. 
Piston rod, which is extended when 
pressure is applied, is in an ambient 
of 1100 F. Piston rings were origi- 
nally used but, after wear-in, allowed 
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too low a cooling flow. An orifice 
placed in the piston head produced the 
required flow, but the 1100-F piston 
rod scorched the secondary elasto- 
meric seal when piston was actuated. 
So a coaxial tube carrying the cooling 
fluid was provided in the piston rod. 
This effectively increased seal life. 
Since holding a partially retracted 
position for a few seconds was a func- 
tional requirement, a check valve was 
installed to prevent two-way flow. 
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culation) in a high-temperature system 
are particularly troublesome as trapped 
luids can’t get back to the heat ex- 
changer. Minimum internal flow or 
leakage must be provided so that fluids 
will not decompose in hot areas. This 
can be done by scoring valve seats and 
pistons or by opening tolerances at 
possible trouble points. 

In a companion paper, Charles Spar 
of Republic, described the problems 
with fluids over 1000 F. Organic ma- 
terials, such as polyphenyl ethers 
which work well below 1000 F, tend 
to break down if held at the upper 
temperature for any length of time. 
Experiments with liquid metals and 
molten salts, show the molten salts to 
be the best choice. 

A eutectic mixture of 35% potas- 
sium nitrate, 40% sodium nitrite, 7% 


sodium nitrate, has operated success- 
fully for several hours in the labora- 
tory. The drawback here is that a 
minimum operating temperature of 
350 F is needed. Second problem and 
a formidable one, is that of finding 
components that will withstand the 
high temperature salts for extended 
periods. 

Methods are available, however, 
such as using a two fluid system with 
direct contact between the fluids or 
by inserting a barrier piston which 
separates the fluids. The second fluid 
should be stable to at least 400 F and 
be compatible but not miscible with 
the molten salt. A mineral oil and a 
silicone-ester blend have both been 
used as the second fluid. These ma- 
terials are immiscible with the molten 
salt and do not react with the salt in 


any way. Direct contact is possible 
as the densities of the fluid are dif- 
ferent, but care must be taken to 
place the second fluid on top of the 
molten salt to take advantage of the 
higher density of the salt. The barrier 
system has the advantage of com- 
pletely separating the fluids but it adds 
the complication of another compon- 
ent requiring dynamic seals at ele- 
vated temperatures. 

Both types of dual fluid systems 
have been successfully operated. Th2 
dual system compensates for the single 
drawback of the molten salt (high 
melting point) and permits immediate 
application. 

Another possibility is liquid glass. 
Some investigations have been con- 
ducted with glasses that are liquid to 
room temperature. However, these 





Viscosities and properties of some 









































S 
NoK>, 
Polypheny! ether 
Silphenylenes 


Liquid salt 











4- pheny!) 


Polypheny! ether (5- pheny! ) 








ine | 
<<: a 
cl = 


| 
} 
| 
| 
| 
| 
| 











100 


Temperaiure- F 


1000 


PRODUCT ENGINEERING + DECEMBER 11, 1961 





glasses have a high vapor pressure re- 
sulting in a very narrow liquid range. ; : 
Nevertheless, the excellent resistance Eutectic melting points 

of glasses to thermal degradation and EUTECTIC MELTING POINT 
their good lubricating characteristics SYSTEM COMPOSITION (F) 

make them candidates for study. 


REFERENCE 


Design and Test Considerations for Pb-Cd-Bi 52Bi-8Cd-40Pb 198 
Hydraulic Systems in Severe Environ- 
ments by William E. Mayhew and In-Sn-Bi 58Bi-17Sn-25In 174 
Frederic H. Pollard, Republic Avia- 
tion Corp. Presented at the Vickers TI-Pb-Bi 55Bi-33Pb-12TI 
Conference on Aerospace Fluid 
Power, Detroit, Mich, Oct 30-31, 1961. Pb-Sn-Cd-Bi SOBi-10Cd-13Sn-27Pb 
Fluid for Extreme Environment by 
Charles Spar and Frank Damasco, Re- In-Pb-Sn-Bi 49Bi-12Sn-18Pb-21In 
public Aviation Corp. Presented at 
the Vickers Conference on Aerospace In-Cd-Pb-Sn-Bi 45Bi-5Cd-8Sn-23Pb-19In 
Fluid Power, Detroit, Michigan, Oct 
30-31, 1961. 


In-Bi 33.7Bi 102 














hydraulic-fluids for use above 700 F 


SILICONE 
ESTER SUPER-REFINED SILPHENY- LIQUID 
BLENDS MINERAL-OILS LENES SILANES POLYPHENYL ETHERS METALS MOLTEN SALTS 


Paraffinic 
Deep NaNO, 
Naphthenic Dewaxed 4 Pheny! 5 Phenyl NaNO, « 
MLO 59-98) (MLO-7277) (MLO 60-294) Group Group KNO, 


Max Useful Temp 
(Approx) (F) 700 700 700 830/1000* 835/1000 1400/- 1000/2400** 


Viscosity (cs) at: 
5 2500 — 27,000 - 
0 800 10,000 360 3500 — - _ 
+-30 300 1500 110 2500 (1.2) 
+-100 61.8 79 18.2 : 70 0.81 
+210 13.5 8.4 4.18 : . 6.3 13.3 0.57 
+400 3.2 iz 1.28 Be 1.4 pe 0.38 


+550 9 0.9 (0.81) 3. ' 0.77 1.1 (0.33) 
t-700 ( 0.6 (0.57) r : 0.50 0.7 (0.30) 
L 1000 _ - (0.30) (0.4) (0.27) 


Flash Point F 445 390 555 505 560 Room Temp 
Fire Point F 495 425 565 680 Room Temp 


Spontaneous Ignition 
Temp F : 1100 1100 239 _ 


Pour Point F : ' 1 +19 1-40 +10 285 (MP) 
Acid No. mg KOH/g 0.04 0.04 ~ — 
Specific Gravity 20/4 C 1.18 1.20 0.90 1.81(700 F) 
Lubricity j Good Good Very Poor ~ 


Toxity - OW Low Low Toxic Low 


Radiation Resistance - Excellent Excellent Excellent Excellent 


Compatibility With 
Elastomers Viton Viton Viton Viton Viton 


Boiling Point (F) at: 
10 mm - 420 552 630 860 
100 mm . _ — 620 698 800 1160 
700 mm . _ 730 (900) (970) 1440 


Bulk Modulus ' Good Good Good Excellent 


Figures in parentheses are extrapolated *First figures — initial decomposition; second figure — max temp 
**First figure applies to salt or metal shown; second figure applies to class of compound 
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OUT-OF-THIS-WORLD voyage is part 
of the Spacearium sponsored by the 
US Science Exhibit Commission and 
The Boeing Co at the Seattle World's 
Fair. Project involves the world’s larg- 
est projection screen, world’s largest 
and widest-angle projection lens, ani- 
mation, and stop-motion photography. 
Camera lens projects film over the the- 
ater dome—360° horizontally and 160° 
vertically. The 78-ft dia dome is 38-ft 
high and covers nearly 8000 sq ft. Pro- 
jection booth is located in the center of 
the theater. In filming the solar system, 
models were constructed of most of the 
planets, and the sun, each capable of 
independent movement. In the studio, 
the camera was moved '% in. per frame 
and the portion of the solar system be- 
ing filmed was adjusted between each 
frame according to accurate solar and 
planetary motion. 


PANORAMA 


ABSTRACT ART? No. 
Pyrolytic graphite 
magnified 100 times 
is photographed un- 
der polarized light. 

Photomicrograph 
shows an abnormal 
structure of pyrolytic 
graphite where the 
vertical growth from 
a plane surface has 
been interrupted by ex- 
~ cessive growth from rel- 

atively few nuclei. Met- 

allurgical studies are con- 

ducted at the research 
laboratories of Lockheed 

Missiles and Space Co, Palo 

Alto, Calif, to gather informa- 

tion on how metals react under 
various conditions of heat, cold, 
vacuum and chemical treatment to aid 
in the design of future space vehicles. 

(For further information on pyrolytic 

graphite see forthcoming issue.) 








MODERN DAY CALLIOPE 

Steam calliopes (organs), the call to circuses, 
carousels and showboats for 100 years, are almost 
extinct. Only three (of 60 built in the past century) 
are still in active service. One, on the sternwheel 
packet, Delta Queen, plying the lower Ohio and 
the Mississippi, has just been automated. In the 
old days, the calliopist pressed down heavy keys 
linked directly to steam valves opening against 25 
psi. Because the valves were right at the keys, the 
brass keys soon became blistering hot as well as 
hard to operate, and steam and hot water blew 
everywhere. But the Delta Queen now has a very 
proper 32-key organ-console board, each key with 
a snap-action switch wired to an electric valve on 
a timed whistle. The whistles are on the overhead 
(top deck), while the keyboard is on the sun deck, 
so colored lights play on the steam; the calliope 
can be seen as well as heard for 5 miles at night. 
Shepard Labs of NJ designed the keyboard, work- 
ing with engineers of Minneapolis-Honeyweil’s 
Micro-Switch Division. Thumbtacks under the 
keys (lower right) press down on 110-volt, 2-amp 
switches mounted on a wood strip (note 25-psi 
pressure regulated by pedal). Resistors in series 
with condensers (center) quench any arcs. Sole- 
noid valves (top) are thus remote-controlled so 
lights (in the foreground) can make the once- 
nuisancy steam an aid to the spectacular. The 
calliope was built in the 1890’s, sunk on another 
packet 25 years ago, resurrected, rebuilt and in- 
stalled on the Delta Queen last year. The Delta 
Queen herself was built in the Twenties to ply 
the Sacramento River in California. 
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NEW COMPONENTS 
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Data tube works off transistors ... | 


of commonly used, low-voltage type 
without intervening circuitry. Cold- 
cathode, gas-filled tube requires less 
than 5 v at less than 50 microamp to 
produce discharge, which produces 
bright red neon glow viewed through 
appropriate readout aperture. Said to 
be capable of more than 30,000 hr 
operation. Samples and production 
quantities immediately available. 
Amperex Electronic Corp, Semicon- 
ductor and Special Purpose Tube Div, 
230 Duffy Ave, Hicksville, NY. 
Circle 300 on Reader Service Card 


Liquid-level control for bearings . . . 
opens an electric alarm circuit when 
oil level falls below predetermined 
point. Circuit closes automatically 
when proper level is restored. De- 
signed for outdoor use, will operate 
with oil temperature of 185 F max, at 
atmospheric pressure (gravity feed 
only) light or medium oils, Single-pole 


100 





| switch rated at 1 amp, 120 v ac max, 
or % amp, 120 v dc. Oil-rite Corp, 

2318 Waldo Blvd, Manitowoc, Wis. 
Circle 301 on Reader Service Card 


Timing relay uses diaphragm . . . 
to eliminate need for exhaust valve in 
pneumatic dashpot. This is said to 
help maintain accuracy and reliability 
even in dustiest atmospheres. Dia- 
phragm is made of silicone rubber and 
is suitable for operation in —45 F to 
150 F temperatures. Timing adjust- 
ments can be made over 0.2 to 60 
sec range. Switching unit suitable for 
pilot and control circuit applications 
to 600 v max. Cutler-Hammer, 315 
N 12th, Milwaukee 1. 

Circle 302 on Reader Service Card 


Cycloidal speed reducer . . . 

provides reduction ratios of 15:1 
through 174:1 in a single stage with 
input and output shafts on same axis. 


| psig. 





Available in torque ratings of 160 to | 


6000 Ib. Delivery of many standard 


ratio and torque models is from stock. | 


Black Tool, Inc, 1824 S Navajo St, 
Denver 23. 


Circle 303 on Reader Service Card 


Transducer with double-wali housing 


when pressure medium, admitted to 
space between walls, expands outside 
cylinder and compresses inside cylin- 
der, gages form _ four-active-arm 
wheatstone bridge. This construction 
is said to have a compensating effect 
on the linearity; nonlinearity is 0.15% 
of full scale, max. Offered in pres- 
sure ranges of 500 thought 10,000 
Dynisco, Div American Brake 
Shoe Co, Cambridge, Mass. 

Circle 304 on Reader Service Card 


Solenoid-actuated motor clutch .. . 
is available in start-stop, single revolu- 
tion, or fractional revolution versions 
for control and indexing functions. 
Flexible coupling mounted on output 
hub allows some misalignment be- 
tween motor clutch assembly and 
driven member. Stock model has 
1/20 hp, 120 v, 60 cps, 1500 rpm mo- 
tor. Solenoid is rated 120 v, 60 cps 
ac. Precision Specialties, Inc, P O Box 
118, Pitman, NJ 

Circle 305 on Reader Service Card 


Silcon rectifier bridge . . . 
consists of press-fit diodes mounted on 


| finned aluminum heat sinks, electri- 


is based on a pair of circumferentially | 


wound strain gages arranged so that | 


cally insulated from one another. 
Available in either single or three- 
continued, page 104 
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ROTARY SERVO 
VALVE 


TORQUE , 
GENERATOR ORBITROL 


Char-Lynn POWER STEERING 


Now available for all Types of Vehicles 
3 Basic Controls « 30 Standard Models 


TORQUE GENERATOR is used to furnish 
POWERED OPERATION or TORQUE AM- 
PLIFICATION to mechanical steering systems. 

This remarkable steering control contains both 
a Servo Valve and Orbit Motor which delivers up 
to 1,100 in. Ibs. of torque output at 1,000 PSI sys- 
tem pressure. Manual effort at the steering wheel 
is approximately 30 in. lbs. 

Direct thru linkage within the unit provides 
means for manual steering of the vehicle during 
“engine off” or emergency conditions. 


ROTARY SERVO VALVE is a remote control for 
steering systems where it is desirable to actuate 
the linkage by a hydraulic cylinder. Pressure 
feed-back provides “load feel” at the input shaft 
proportional to operating pressure. Also contains 
direct thru linkage for manual steering. 

Although designed primarily for power steering 
systems, this versatile valve has unlimited use in 
other applications requiring remote servo control. 


The all new ORBITROL is a completely integrated 
fluid steering control that eliminates any mechan- 
ical linkage to the axle. The ORBITROL provides 
remote rotary servo control with sensory direction 
and delivery measurement within the same unit. 

The hydraulic motor section of the Orbitrol 
functions as a metering device during normal 
power steering operation and reverts automatic- 
ally to a rotary hand-pump for emergency manual 
control. 


For complete information write: 
Char-Lynn Co., Dept. P-3 
2843 26th Avenue South 
Minneapolis 6, Minnesota 
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ROD GLAND~—Easily re- 
moved. No need to loosen tie 
rods. Cuts maintenance time 
in half. Phenolic bearing insert 
will not score rod. Cuts re- 
placement cost to a minimum. 


Do the cylinders you buy 
include these 
quality features? 


ROD PACKING-—Interlock- 
ing multiple lip seals require 
no adjustments; remain flexi- 
ble under fluid pressure. Wear 
compensating function elimi- 
nates frequent replacement. 


PISTON—Phenolic piston 
will not score tube. Packing 
cups used for proven long 
life and seal. Cups are easily 
replaced. Piston positively 
locked to rod. 


CUSHION—Minimum clear- 
ance between piston and 
Meehanite Bushing combined 
with micrometer metering 
givestop cushioning efficiency 
and a wide adjusting range. 


This high-pressure 
hydraulic cylinder is representative 
of the complete line of quality fluid 

circuitry components available from Westinghouse 


* 

if not, the chances are, your maintenance costs are higher 
than necessary. For more information about Quality Fluid Circui- 
try Controls for trouble-free automation, ask for Catalog A3-56.00. 


See the Yellow Pages under Cylinders for the Name of Your 
Loca/ Distributor, or refer to Sweet's Catalog, Product Design File. 


WESTINGHOUSE AIR BRAKE COMPANY 


INDUSTRIAL PRODUCTS DIVISION, WILMERDING, PENNSYLVANIA 





OH) 
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Vs e if MA E MOLDER: Santay Corporation, Chicago, Iil. 
— ® BRAND 


TOUGH, HARD, RIGID POLYMERS FROM BORG-WARNER 


Compact, colorful and cordless, this all-transistor radio by 
RCA Victor is housed in a famous Impac* case that gives rugged service; 
won't chip, crack or break in normal use. To achieve this dramatic 
durability, RCA Victor engineers specified cases molded of CYCOLAC 
brand ABS polymers for their complete line of transistor models. 
Light and smooth, this most versatile of all rigid plastics defies staining from 
chemicals and acids and retains its molded-in color for the lifetime of the radio. 
Easily formed into any intricate shape, CYCOLAC brand plastic lends beauty, 
protection and saleability to any product... radios, television, telephones. 
See why CYCOLAC is better in more ways than any other plastic. Write Dept. S-12. 


MARBON CHEMICAL oivision BORG-WARNER 


*CYCOLAC is the registered trademark of Borg-Warner WASHINGTON WEST VIRGINIA 


*IMPAC is the registered trademark of Radio Corporation of America. 
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IDEAL FOR AUTOMATED MACHINES 


FAST 
ACTING 


POSITIVE 
ENGAGEMENT 
and RELEASE 


REMOTE 
CONTROL 


COMPACT 
DESIGN 


SELF 
ADJUSTING 


Maxitorg 


ELECTRIC 


Cet he Ge aes 
and 3 F2A EX Ets 


1CJ61 
104 


Incorporating advanced design principles proved through years of 
service, the MAXITORQ Electric Clutch is well adapted to all types of 
machine drives. Simple in design . . . built to machine tool standards 
. requires no adjustments, can be used either as a clutch or brake. 
Disc separators not only separate discs, but also break up residual 
magnetism and result in extremely fast, positive action with no drag or 
heating in neutral. There are few moving parts. Electrical operating 
unit remains stationary — hence, no troublesome slip rings, brushes, or 
difficult wiring problems. Operation is on standard 100 V d.c. Other 
voltages on special order. 
If you have a clutch or brake application where you are looking for 
NEW and IMPROVED performance, we invite you to bring the problem 
to us. Phone, wire, or write Dept. PE for Bulletin No. 90. 


SPECIAL FEATURES 


NO levers, cams, or other highly 
stressed mechanical parts. 


Engaged entirely by 
magnetic flux 
Operation is not dependent 
upon rotation. 


Operate either on-off or by 
varying voltage for torque control. 


Finished complete, assembled, 
and ready to install on shaft. 


NO troublesome slip rings 
or brushes 


THE CARLYLE JOHNSON MACHINE CO. 
MANCHESTER, CONN. 
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phase, center tap and doubler models. 
This new design has only 37 parts 
compared with usual single-phase 
bridge rectifier assembly’s 72 parts. 
Open box design provides “chimney” 
cooling effect. Rated at 22 amp, 100 
v (rms). Cyntron Co, Semiconductor 
Div, Homer City, Penna. 

Circle 306 on Reader Service Card 


Spring 
assembly 


Hydraulic cylinder has spring . . . 
assembly that is said to maintain auto- 
matically constant preload between 
packing and rod, preventing leakage 
resulting from worn packing. Avail- 
able in standard sizes 2 to 6 in. ID; 
above 6 and up to 9 in. 1D on special 
order. Suitable for up to 3000 psi. 
Ward Hydronics Inc, 11600 Genesee 
St, Alden, NY. 

Circle 307 on Reader Service Card 


Control valves can be manifolded. . . 
in banks of up to 16, and mounted in 
any position. Provides flow rates to 
16 cfm at 100 psi, exhausting to at- 
mosphere. For manual, solenoid or 
remote pilot actuation. Offered in 
three or four-way types, for air, oil or 
water service to 125 psi, temperatures 
to 150 F. Bellows-Valvair Pneumatics 
Div, Akron 9. 

Circle 308 on Reader Service Card 


Pressure seal with flexing legs . . . 
for shafts or cylinders are said to pro- 
vide own expander, and thus does not 
require mechanical assist. In service, 

continued, page 111 
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INSTRUMENT HOUSING—Made of MARLEX, it’s lighter and VAPORIZER HOUSING —Attractively styled for a popular Hanks- 
more durable, resists cracking and warping... for ‘‘Plug-Scope,"’ craft product, this component has molded-in color and texture 
spark plug tester manufactured for Champion Spark Plug Com- + + + won't warp or crack with boiling temperatures. 


pany by Heyer Industries, Incorporated. 


MARLEX’ components for 
economical “quality up-grading”’ 


To improve product performance while keeping production 
costs down, more and more manufacturers rely on compo- 
nents molded or formed from MARLEX high density plastics. 
A representative selection is shown here. 


MARLEX plastics (high density polyethylenes and ethyl- 
ene copolymers) are lightweight, tough, and virtually in- 
destructible. ..resistant to acids, alkalies, greases, fungi, and 
corrosion. They possess high dielectric strength and a wide 
usable temperature range (—180°F to 250°F). Components 
of MARLEX can be molded, thermoformed, extruded, welded, 
machined, printed upon, and endowed with integral color. 
*MARLEX is a trademark for Phillips family of olefin polymers. 





BRINE TANK—Welded of MARLEX sheet with Thermo- RUG WASHER HOUSING—Precisely molded, this rugged Elec- 
formed top and bottom...this Premier Plastics water trolux part of MARLEX is lightweight, tough, and non-corroding 
softener tank will never corrode or scale up . . . gives ... will not chip, dent, bend or warp. 

longer and improved service at low cost. 


For more information, see your plastic fabricator ...or contact us. 


PHILLIPS CHEMICAL COMPANY 66. 


Bartlesville, Oklahoma vy \-18 > 4 
A subsidiary of Phillips Petroleum Company PEAS TK 





No. 1 in a series 


VIBRATION NOTES 


MB ELECTRONICS «+ DI/V/SION OF TEXTRON ELECTRONICS, INC. 
Representatives in principal cities throughout the world 





New MB Synthetic Coating Solves 
Tough Engine Mount Problem 


How do you isolate the vibration of 
an aircraft engine when none of the 
available engine mount materials 
can meet the specifications required ? 
MB engineers had to solve this prob- 
lem in designing mounts for the 
turboprop engines of the Grumman 
Mohawk observation plane. They 
did it by “manufacturing” a new 
isolation material...natural rubber 
covered with a thin film of Iso- 
Kote, a unique elastomeric coating. 
Vibration isolators for the turbo- 
prop engine had to withstand high 
gyroscopic loads; were limited in 
size by dimensions of engine mount- 
ing pad and nacelle structure; and 
had to be resistant to di-ester lubri- 
cant, Turbo Oil #15. Mechanical 
requirements left no room for com- 
promise. Only natural rubber could 
meet the rigid specifications of 
strength, weight, space limitations 
and low temperature flexibility. 
However, natural rubber deterio- 
rates upon exposure for any length 
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of time to the di-ester Turbo Oil. 
So, unfortunately, do those syn- 
thetics generally considered for 
vibration isolation. 

The application of a thin coating 
of Iso-Kote to natural rubber pro- 
vided complete resistance against 
the corrosion and degradation ef- 
fects of the di-ester lubricant. The 
coating has excellent adherence and, 
of particular importance in vibra- 
tion applications, has the same 
elongation as natural rubber. 

The successful development of 
this unique engine mount material, 
combining the mechanical proper- 
ties of natural rubber and the 
chemical properties of Iso-Kote, rep- 
resents another MB achievement in 
vibration engineering. 

MB engineers will be glad to 
assist you in solving your vibration 
problems. Send today for our Vibra- 
tion Mount Catalog. Write to Iso- 
mode Division, MB Electronics, 
P.O. Box 1825, New Haven 8, Conn. 


Fundamental 
Motions of 
Vibrating Bodies 


Isomode is the registered trade- 
mark of MB’s regular line of 
vibration mounts. The name is 
derived from the word “isola- 
tion” and from the six “modes” 
of motion to which all rigid 
bodies ; subject. 

In actual practice, vibration 
is seldom confined to a simple, 
single motion. If it were, con- 
trol would become a fairly sim- 
ple matter. But even a rigid 
body has six degrees of freedom 
in space as illustrated here. 

Complex structures have even 
more modes of motion. These 
may involve the relative motion 
of various rigid bodies or dis- 
tortion of flexible bodies. 

In general, vibration prob- 
lems lie in the six fundamental 
motions. Any of these modes 
may be excited by vibratory 
forces. To design successful 
vibration control, you must con- 
sider all modes and the excita- 
tions to be expected. 


1, Translation along 
longitudinal axis 


2. Translation along 
lateral axis 


3. Translation along 
vertical axis 


4. Rotation about 
longitudinal axis (roll) 


5. Rotation about 
lateral axis (pitch) 


6. Rotation about 
vertical axis (yaw) 


PRODUCT ENGINEERING + DECEMBER 11, 1961 





p 
‘ 


Wy) 
Wh 
444) 
Wy 


! 


yy 
4 
Ny 


y 


FHIFSFSHHSSHISHISIS 
PIFFHSSIFSSIFSIIDS 
HHFFHSHHHSHIIHID 
FHIFFPSHPSIFISSIS 
PHHISIFSISIIII ISMN 


i 
‘ 
\ 
) 


PHHHPSHHSSIIIZIIIS 
PFHIH’ VISISIIIIIS 
a 


EXPANDED 
METALS 


The designer now enjoys new 
opportunities for the enrichment 
of product appearance with 
“DECROMESH" expanded metal 
meshes by DEMCOR. 


DECROMESH designs can be 
furnished to your specifications as 
to kind of metal, color, finish, 
sheet size, pre-cut shape or fabri- 
cated assembly. Many designs can 
be modified to change mesh ap- 
pearance and texture. 

Look further into the possibili- 
ties with DECROMESH expanded 
metals by DEMCOR. Send for our 
New Catalog 61, today! 


a 
rma 
—< 


Wh) 


rere 


f 





ih 


a, 
— —“< 
eg eg ee 
eg eg ee 
a, =, 
ee 
Sy ee, 
a om 
eee 
—< ——< —~< 
eg eg ee 
_ _— 
ee ee 
ee ome 
a, oe, cee 
oe ee 





ih 


‘ 


RII? 


I>, 
PPP 
bebe 


AAA? 


of Southern Electric, Inc. 
8701 SOUTH GREENWOOD AVE., CHICAGO 19, ILLINOIS 


MANUFACTURERS OF MICROMESH, DUROMESH AND DECROMESH EXPANDED METALS 
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ACCURATEREMOTE CONTROL | 
FOR HUNDREDS OF PRODUCTS 


——with Tru-Lay/454-WWA\. Controls 


If your products involve remote control—electrical, hy- : T 

draulic, pneumatic or direct—TRU-LAY PUSH-PULL FLEX- ; COMPLEX MECHANICAL 
IBLE CONTROLS can help solve your design problems. They | 
provide positive remote control over short or long dis- 
tances—up to 150 feet from the control point. Because 
they operate while flexing, they can snake around ob- 
structions. They will not buckle. They are ruggedly con- 
structed, easily installed and operated, sealed against dirt 
and moisture, and will handle jobs with as much as 1,000 
lbs. input. PUSH-PULL CONTROLS are simple, have but one 
moving part, are noiseless and give a lifetime of accuracy. 

Mechanical linkages, on the other hand, are complex. Sits aw 
Unlike PUSH-PULL CONTROLS, they are made of many PUSH-PULL 
parts, wear at many points, and produce increased back- 
lash, vibration rattles and lost accuracy. 














THESE FEATURES HELP SOLVE DESIGN PROBLEMS 


Anchorages Swivel Action 





























Standard assemblies have end fittings with a swivel 
movement of + 8° to compensate for misalignment 
and rise or fall of lever arms. Swivel joints, and the 
sliding ends, are sealed against dirt and moisture. 


PUSHIN. DATA FILE SHOWS HOW 


TO SIMPLIFY, IMPROVE DESIGN 


e Write for your PUSH-PULL 
Data File. It contains a 
complete set of engineering 
. 1 ' i bulletins which describe in 

C 6:5. : " detail the operation of 
‘ - PUSH-PULL CONTROLS, their 
































i applications, features and 
Machined bracket anchorage - can be furnished for ee. 


mounting any PUSH-PULL cable at the swivel terminal 


“<° PUSH-PULL CONTROLS 


Automotive and Aircraft Division * American Chain & Cable Company, Inc. 
601-E Stephenson Bidg., Detroit 2 
6800-E East Acco Street, Los Angeles 22 + 929-E Connecticut Ave., Bridgeport 2, Conn. 
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iF YOU USE BELTS OR CHAINS—Long_-life, low-cost Aetna AG Series Idlers will increase 
your drive efficiency. Units are simple in design. Extra large lubricant capacity and 
highly efficient seals provide dependable anti-friction performance. In operation they 
never need maintenance. And because they are completely prepackaged and prelubri- 
cated, they reduce your production cost, assembly cost, and stock handling problems. 
Investigate, also, the Aetna AG Series Adapter units for shaft support and other drive 
and conveying applications. All AG Bearings are available in a wide variety of sizes and 
configurations. Call your Aetna representative listed in your classified telephone direc- 


tory for information, or write for General Catalog and Engineering Manual. 
fj 


AETNA BALL AND ROLLER BEARING COMPANY = 4600 scHuBeRrT Ave. 


DIVISION OF PARKERSBURG-AETNA CORPORATION CHICAGO 339, ILL. 


ANTI-FRICTION SUPPLIERS TO LEADING ORIGINAL EQUIPMENT MANUFACTURERS SINCE 1916 
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Now, make your urea moldings come alive with an unmatched surface brilliance —without sacrificing quality or economy. 
Three new high gloss formulations make this possible: Beetle 650, designed for small parts such as closures and but- 
tons; Beetle 625, for closures, switch plates, wiring devices and small housings; Beetle 600, for large housings and 
other parts requiring extended flow. These new Beetle molding compounds cure faster, and they offer improved pre- 
forming qualities. And you still have all of these dependable Beetle properties: resistance to detergents, oils and 
grease; arc-resistance; track resistance; good dielectric strength; surface hardness; stain-resistance; wear-resistance; 
unlimited range of colors. Be among the first to take advantage of this bright new development. Write for complete 
information today. *BEETLE — registered trademark for Cyanamid’s urea-formaldehyde molding compound. 


AMERICAN CYANAMID COMPANY PLASTICS AND RESINS DIVISION 


WALLINGFORD, CONNECTICUT. OFFICES IN: BOSTON ¢« CHARLOTTE * CHICAGO * CINCINNATI ¢ CLEVELAND « DALLAS * DETROIT * LOS ANGELES 
MINNEAPOLIS * NEW YORK * OAKLAND «¢ PHILADELPHIA «© ST. LOUIS * SEATTLE © IN CANADA: CYANAMID OF CANADA LIMITED, MONTREAL * TORONTO 
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NEW COMPONENTS 
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one “leg” of seal is activated by pres- 
sure to provide positive sidewall seal- 
ing as pressure medium flows around 
non-engaged leg and back fills seal’s 
hollow arch. This causes expansion 
against shaft or cylinder wall. Revers- 
ing pressure reverses action. Made in 
both “inside” and “outside” configura- 
tions, and will withstand temperatures 
of —30 F to 500 F. International 
Packings Corp, Bristol, NH. 

Circle 309 on Reader Service Card 


Repeating cycle timer... 

is driven by 400-cps synchronous mo- 
tor said to be accurate to within 2% 
of over-all cycle time. Cycles of 30 
sec to 60 days are possible, based on 
cam and gear train specified. Weighs 
6 oz and measures 2-% in. long. Elgin 
Micronics, Div Elgin National Watch 
. Co, Elgin, Til. 

Circle 310 on Reader Service Card 





From 
leading 
distributors 


coast-to-coast 














Wren you want something . . . like a jet pump, for example 
... you want it. Not day after tomorrow, or next week, but 
now! Right? And that’s just one more advantage of Jet Pumps 
by Penberthy. Availability . . . now. 


Penberthy, to begin with, has a broader line with more models 
and sizes to offer . . . hydraulic, air or steam operated . . . in 
bronze, iron, stainless steel, monel, plastic and other materials. 
Penberthy, in addition, offers “standards” on many designs 
that would be labeled “special” by other manufacturers. 


Add to the above, Penberthy’s nationwide network of repre- 
sentatives and stocking distributors. They’re located in all the 
major metropolitan areas so, chances are, there’s a Penberthy 
man near you. Be happy to supply his name and address .. . 
write or call the Penberthy sales office at the address below .. . 


PENBERTHY MANUFACTURING COMPANY 


Division of Buffalo-Eclipse Corporation 
PROPHETSTOWN, ILLINOIS 


SALES OFFICE: 2660 E. GRAND BLVD., DETROIT 11, MICH. 


PENBERTHY FOR LIQUID LEVEL GAGE SETS, TOO 


Dedicated to 


Air-driven hydraulic power unit . . . 
designed for use with power presses 


tit~ 


: WRITE OR CALL PENBERTHY TODAY FOR COMPLETE INFORMATION 
continued, page 114 
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Cost of one-dimensional 
criticality computations drops 
from an average of *75.00 

to *7.50 per problem 


Faster computing, less travel time are the reasons why 
General Nuclear Engineering Corporation has realized 
such cost savings since it installed an IBM 1620 Data 
Processing System at its Dunedin, Florida plant. 

Since its main computing facilities are not located at 
Dunedin, General Nuclear has found that the new 1620 
eliminates much of the travel time and expense involved 
in taking problems to off-site computers. In addition, the 
1620 performs the simpler criticality computations 10 
times faster than the computer previously used at one of 
General Nuclear’s off-site data processing centers. 

General Nuclear uses its new 1620 for other problems, 
too...heat transfer calculations, various transient codes, 
mathematical routines for the physics and engineering de- 
partments, multi-group calculations, and many other jobs 
you might expect only a much more expensive computer to 
be able to handle. 

This isn’t all. General Nuclear uses the 1620 to do statis- 
tical analyses and variance calculations on input data for 
programs run on off-site large-scale IBM computers. 

For information on this highly versatile, low-cost data 
processing system, which rents for as little as $1600 a 
month, contact your local IBM Representative. 


Easy to program. FORTRAN, IBM's scientific computer language is avail- 
able for the 1620. General Nuclear scientists use a special scientific 
interpretive program—F!iDO—written by the Manager of their Comput- 
ing Section. 


® 
DATA PROCESSING 
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| SANGAMG ELECT@C COMPANY 


A Product Of 
Sangamo Electric Company 
Springfield, Iinois 


) a 


Actuates Another 


Lincoln 
J3TS Demand Meter 


Thermal Demand Meters are used extensively by electric utilities. 
The simplicity and dependability of Sangamo Electric Company’s 
Thermal Demand Meters make them outstanding in the field of 
demand measurement. 


The thermal meter measures load with an inherent time interval and 
a response curve which is based on the heating effect of the load 
rather than on counting watthour meter disk revolutions. 


Sangamo Thermal Demand Meters are recognized for their excellent 
accuracy, the result of the simplicity of design. There is only 
one moving part: the shaft with pusher pointer attached. The shaft 
is turned as the result of the deflection of two bimetal coils (above) 
which measure the temperature difference between two electrical 
heaters (when the two heaters create a heat input difference, the 
two enclosures develop a temperature difference proportional to the 
load). The bimetal coils convert the temperature difference into 
pointer deflection, giving an accurate, average measurement of 
demand. Ambient temperatures create no inaccuracies, because the 
two bimetal coils are carefully matched and counterbalance each 
other as ambient temperature changes. The electrical heaters are also 
accurately matched; and the enclosures are made of thermal insulat- 
ing material. 

The bimetal coils are precise, carefully selected, matched and stress 
relieved. The accuracy of many fine Sangamo Meters depends on The 
W. M. Chace Company's reputation for quality bimetal produced to 
exacting specifications. Companies large and small, the world over 


have come to depend on Chace as a result of the utter dependability 


of its only product: Chace Thermostatic Bimetal. 


Sead How For Our Mew "Vnfermation Sooklet’ / 


It contains many well illustrated pages of valuable design data and 
examples of successful applications of bimetal! More than 40 types 
of Chace Thermostatic Bimetal are available in coils, strips and 
completely fabricated elements of your design. 


W. M. CHACE Co. 
Thermostalic Bimetal 


1602 BEARD AVE., DETROIT 9, MICH. 


I BIMETAL 
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and other machinery operates from 
shop air supplies to provide up to 30,- 
000 psi pressure. Weighs 30 lb and 
measures 24 x 18 x 16 in. Kenett Corp, 
320 Washington St, Brookline 47, 
Mass. 

Circle 311 on Reader Service Card 


Surface thermostat. . . 
mounts with single bolt to any flat sur- 
face and can-be wired in conjunction 
with alarm devices, pilot lights, sole- 
noids, relays. Available for operating 
temperatures to 400 F. Contacts are 
either normally open or closed. George 
Ulanet Co, 413 Hudson St, Newark 
5. NJ. 

Circle 312 on Reader Service Card 


Impulse counter with pushbutton. . . 
control can be actuated by pulse of as 
little as 50 millisec duration. With 
automatic reset, five counting ranges 
are available: 1-40, 2-120, 4-240, 
5-480 and 10-960, at up to 500 counts 
per minute. Standard load ratings are 
10 amp at 115 v ac, 5 amp at 230 v 
ac, % amp at 115 v de (non-inductive). 
Automatic Timing & Controls, Inc, 
King of Prussia, Penna. 

Circle 313 on Reader Service Card 


Panel-mounting adding counter . . . 
permits presetting of desired count by 
means of finger wheels behind hinged 

continued, page 118 
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ARE YOU ACQUAINTED WITH THE NEWEST ADDITION TO 
UNION CARBIDE’S FAMILY OF PLASTICS 


BAKELITE 


POLYPROPYLENE 


High heat Investigate BAKELITE® Polypropylene 


resistance 


e for MOLDING AND EXTRUSION 


No stress (All formulations except food grades are heat stabilized 


acki 
= . for prolonged use at elevated temperatures) 





Lowest specific 
gravity GEN ERAL PURPOSE: for molding and extrusion. 


Outstanding HIGH IM PACT: 3 to 5 times tougher than 


flex life " general-purpose materials. 


Easy FOOD APPLICATIONS: FDA-sanctioned 


processability 


s 
H I G H FLOW: for deep-draw moldings 


Good mechanical, 
electrical and 


chemical properties U-V STABILIZED: for outdoor applications 


Ccontemnica BLOW MOLDI NG: short flow for parison stability 


Low MVT and | 
ro preemie THERMOFO RMING: non-sagging 


; — “a ; 
We would be glad to discuss polypropylene or any of our other plas- Union Carbide Plastics Company 


tics materials with you. These include high, medium, and low den- 
sity polyethylene, polyethylene copolymers, phenolics, styrene,epoxy 
and vinyl resins and I am interested in the possibilities of using polypro- 
compounds. Simply fill UNION patene fer 

out the adjacent coupon. ‘ 


iia PLASTICS 


Division of Union Carbide Corporation 


Dept. KQ-113L,270 Park Avenue, New York 17, N.Y. 


NAME 
FIRM _ 


BAKELITE and Unton CARBIDE are registered trade marks of Union Carbide Corporation. ADDRESS 


cITY_ ” . _. ZONE — STATE 
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Between this man’s hand and a 5,000°F oxy- 
acetylene torch flame is a ¥ inch section of 
G-E silicone rubber. After 30 seconds exposure, 
the back-side temperature reaches only 100°F. 
In actual plasma jet tests, the same thickness 
of silicone rubber was exposed to a 9,000°F 
heat for 6 minutes. The back-side temperature 
rose to only 470°F, with 70% of the rubber 
remaining intact. 





Thermal barner against 5000'F flame 


GENERAL ELECTRIC SILICONE RUBBER 


RESULTS OF PLASMA JET TESTS AT 9,000°F 


Flight Simulation 
Vel. = 17,000 ft./sec. 
Alt. = 250,000 ft. 


Back-side 
temperature of 

Exposure time ¥4 inch section of 

at 9,000°F G-E silicone rubber 
30 seconds 100°F 

2 minutes 210°F 

3 minutes 300°F 

4 minutes 375°F 

5 minutes 430°F 

6 minutes 470°F 


The surface of the tested rubber section forms The above chart shows how the high thermal in- Continued high temperature testing goes on at 
a hard, carbonaceous crust, while the underside ulation of G-E silicone rubber is maintained dur- General Electric’s Missile and Space Vehicle 
remains flexible and undamaged. Preliminary ing exposure to 9,000°F heat. It is also useful in Department in Philadelphia. Shown above is a 
tests showed the effective heat of ablation tobe mechanical and electrical applications at tempera- typical specimen undergoing plasma jet testing 
eight times better than presently used plastics, tures from —150°F to 600°F, where it remains in an electric arc heated supersonic wind tun- 
with one-seventh the rate of ablation and one- resilient and flexible. It also maintains its excel- nel. Continuous testing like this will develop 
fourth the weight loss. Here is an excellent lent physical and electrical properties over this new data on the thermal and ablative uses of 
ablative covering with low thermal conductivity. wide temperature range for extended periods. G-E silicone rubber. 


To learn more about G-E silicone rubber, and its uses as a thermal and ablative material, 
write: General Electric Company, Silicone Products Dept., Section A1261, Waterford, New York. 


GENERAL @@ ELECTRIC 
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Make a simple, preliminary test. Check 


these AMPin-cert Connector features 

against whatever you're presently using: 

e Compression crimping of leads to con- 
tact for maximum reliability backed by 
more than 20 years of AMP experience 
in solderless termination techniques 

« Choice of five types of contacts 


e Snap-in design contacts with cantilever 
beam construction for easy insertion 





When time counts, it usually adds up to money! Profit- 
nibbling time lost. 


In the case of pin and socket connections, add the 
uncertain reliability of other methods of terminating 
connections and you've got good reason to 
consider AMPin-cert* Connectors with crimped, 
snap-in contacts. 


AMPin-cert tape-fed, pin and socket contacts 
are precision crimped to leads on the 
AMP* Automachine at rates of more 
than 1,600 per hour. High production 
rates, maximum reliability and 

low cost of semi-skilled labor 
combine with dependable 

connector performance 

for the lowest installed 

cost in the 


industry. 








and dependable retention forces 


e Choice of phenolic or diallyiphthalate 
housings with or without cadmium 
plated aluminum shells in standard or 
environmentally sealed designs 

e Wide variety of configurations and sizes 
and complete line of matching hardware 
and accessories. 


Complete information will be sent upon 
request. Write today! 


*Trademark of AMP Inc 


AMP INCORPORATED 


GENERAL OFFICES: 


HARRISBURG, PENNSYLVANIA 


AMP products and engineering assistance are available through subsidiary companies in: Australia e Canada « England « France « Holland « Italy « Japan « Mexico « West Germany 
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ror ACCURATE 


MOVEMENT 
OF LOADS...USE 


DUFF-NORTON 


- + 


God bade dh ieee cmap 


by 


mY 
Tcrecer ee 


cover, and provides digital readout of 
progress count on separate, exposed 
window. Upon reaching preset count, 
SPDT switch is automatically thrown, 
and can be reset to normal only by 
pushbutton. Count rate is 25 per sec, 
panel dimensions, 2-/2 x 3-% in. List 


WORM GEAR JACKS 


Here are only four examples of the many ways to 
position accurately loads weighing as much as several 


hundred tons with Duff-Norton Worm Gear Jacks. 


1 


An application with two Duff-Norton Worm Gear 
Jacks mounted on swivel subbase and each lift- 
ing screw end fastened to hinged member by 
means of clevis and pin. Jacks may be motor 
driven or manually operated. 


3 


Six Duff-Norton Worm Gear Jacks as used on 
pipe-cut-off and threading machines to adjust 
height of machine spindle to level of conveyor 
table to compensate for various sizes of pipe. 


Four Duff-Norton Worm Gear Jacks connected in 
rectangular arrangement by Duff-Norton Mitre 
Gear Boxes, shafting and flexible couplings and 
driven by gear motor to raise metal sheets to 
press level. 

i 


Platen pressure obtained positively and uni- 
formly by two Duff-Norton Worm Gear Jacks 
with rotating screws. 


There are eight standard models of these jacks—capacities range 
from 2 to 100 tons, with standard raises up to 24 inches. 

For engineering drawings of standard jacks, mitre gear boxes and 
more examples of how Duff-Norton Worm Gear Jacks are used for 
accurate movement of loads, write for Bulletin AD-66a-DD. 


DUFF-NORTON JACKS 


DUFF-NORTON COMPANY 


Four Gateway Center, Pittsburgh 22, Pennsylvania 
The Canadian Duff-Norton Co., Ltd., Toronto 6, Ontario 


DUFF-NORTON JACKS 


Ratchet « Screw 
Hydraulic « Worm Gear 


te 
=” 


COFFING HOISTS 


Ratchet Lever « Air 
Hand Chain « Electric 
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price, $56.50; delivery from stock. 
Presin Co, Inc, 2014 Broadway, Santa 
Monica, Calif. 

Circle 314 on Reader Service Card 


Electronic recycling timer . . . 
provides independently adjustable on 
and off cycles of 0.05 to 5 sec. Unit 
is double-pole, double-throw 10 amp, 
115 v ac relay, equipped with syn- 
chronous switch. Power consumption 
at peak is less than 3 w. Measures 
6-13 x 5-9, x 2-,5; in.; weight, less 
than 2 lb. Price, $49.50, delivery, 1-2 
wk. Hufco Industries, Inc, 2815 W 
Olive Ave, Burbank, Calif. 

Circle 315 on Reader Service Card 


Rotary gear pump... 
is based on self-aligning, floating gear 
with a “building-block” type of hous- 
ing, which is said to make it possible 
to meet individual performance specs 
at minimum cost. Available in vis- 
cosity ratings of 300,000 to 30 ssu; 
continued, page 124 
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For engineering “duplicate originals’... 


Use the Polyester Films you can work on 


“S 


" ED? 
. 


PHOTA 


To perfect an engineering drawing requires constant revision, 
addition and change. Yet most photographic polyester films 
on the market today reflect a disregard for this fact by com- 
bining photo emulsion and drafting surface in a single surface 
layer. If you mechanically erase image lines on these films 
the drafting surface is removed, and pencil or ink will no 
longer take on the film surface. The only alternative is to 
use eradicators, a time-wasting, nerve-frazzling process. 
Only PuHotacT Polyester Films have an additional drafting 
surface beneath the photo emulsion. No eradicators needed. 
Repeated erasures easily made. In short, the answer to a 
draftsman’s prayers. 

Erase cleanly. Using a mildly abrasive Van Dyke eraser 
(K&E 3457) image lines can be whisked off completely in 
nothing flat. Even tight, detail lines which are too tightly 
arranged for eradicators can be removed with a stick-pencil 
eraser. 

Re-draw Repeatedly. The matchless K&E engineered 
drafting surface won't lose its “take” or erasing qualities 


Ker 


even after many revisions, one on top of the other. To apply 
lines of ink-like density, we recommend one of a wide range 
of new Ruwe plastic-graphite pencils or drawing leads. 


Get Perfect Duplicates and Prints. The PHotract emul- 
sion yields solid blacks, true to the original drawing with no 
fill-in or drop-out. Wide exposure latitude almost guarantees 
that the first exposure is the right one. Prints are developed 
in regular paper developer; high-priced, short-lived litho 
developers are not necessary. 

PHOTACT Polyester Films are available in three basic types - 
Contact (409) for same-size exposure; Direct Positive (411) 
for same-size positives from transparent origina!s; Projection 
(419) for prints from microfilm negatives. 


FREE... New Puoract Selection Guide. Just off the press, 
K&E has available a new guide to the use and selection of 
PHOTACT materials. It’s crammed full of time-saving tips, 
quick-reference charts and processing hints. Your copy is 
free for the asking. See your local K&E dealer or fill out and 
mail the coupon below. 


KEUFFEL & ESSER CO., Dept. PD-12 Hoboken, N. J. 


Gentlermen: 


Please send me your new Puoract Selection Guide. 


KEUFFEL & ESSER CO. 


NEW YORK + HOBOKEN, N. J. + PHILADELPHIA + DETROIT 
CHICAGO + MILWAUKEE + ST. LOUIS + DALLAS 
DENVER + SAN FRANCISCO + LOS ANGELES + SEATTLE 
ANCHORAGE + TORONTO + MONTREAL 


Address: 
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1000 INCH-LBS. 
TORQUE 


You can use these new Globe planetary gearmotors to 
replace units 5 to 10 times as large and heavy. They 
slash pounds of dead weight from your design—give 
you up to 500 inch-pounds continuous duty or 1000 
inch-pounds intermittent duty torque. Here’s enough 
brawn to handle aircraft, missile and other high-quality, 
high-reliability jobs. Smaller gearbox shown above gives 
200 in.-Ibs. intermittent, 100 in.-Ibs. continuous duty. 

Globe’s brand new planetary gearing system provides 
22 ratios from 1.87:1 to 5211:1. Stage efficiency of 
90% or better has been achieved by using heavy duty 
precision ball bearings on every gear and on the output 


GLOBE INDUSTRIES, INC. 


PRECISION MINIATURE A.C &® 0.C. MOTORS ACTUATORS 


TIMER TCH e WERS FANS MOTORIZED Device 
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shaft. Heat treated gears and hardened output shaft 
withstand enormous turning and bending moments. 
Type BD and BL gearmotors fit your application exactly, 
using 21 standard armature windings for 4 to 115 v.d.c. 
power—custom design for your application can include 
speed governors, brakes, and clutches. 134” flange 
gearmotor typically weighs 114 Ib.; 3” flange high- 
torque gearmotor weighs 43/ Ib. typ. 

Let Globe engineers review your application early 
in the design stage. Prototypes furnished promptly. 
Write for Bulletin BPG. Globe Industries, Inc., 1784 
Stanley Ave., Dayton 4, Ohio. Phone BAldwin 2-3741. 
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How many of your products employ 


HOW MANY WAYS CAN laborious, old-fashioned fastening meth- 


ods where simple fasteners could do the 
job and cut costs, too? How 
many parts and sub-assem- 
CVO can be adapted to include a self- 


CUT COSTS FOR YOU ? fastening feature? How many future 


— — 


POLYETHYLE! 
MOUNTING FOOT 


No mar, no scratch 
glide for use on TV 
receivers, record 
changers, small ap- 
plionces, etc. Assem- 
bles into round hole 
in wood or metal 
cabinets. 


NYLON SNAP-IN NUT 


PLUG BUTTONS 


A 
OpuUe 


Snap into %" to 3” 
dia. holes. Can be 
embossed with orna- 
mental or functional 
designs vorious 
finishes, shapes and 


sizes 


TEENUT 


One-piece, all-metal 
nut has welding bos 


ses Onup 


The n om 


products could be improved by advance 
planning for fastener efficiency ? 


United-Carr’s engineering staff offers you a wealth of ex- 
perience in the design of special-purpose fasteners and 
self-fastening devices. Large-scale manufacturing facilities 
(including in-plant plastics molding equipment) ensure 
economical, volume production and prompt deliveries. 
United-Carr field representatives are ready to call on you 
at your request. 


es DOT, TEENUTS, TRIMOUNT are regist 


QUICKEY- FASTENER 6-PRONG TEENUT 


Offers greatly in- 
creased push-out 
resistance; virtually 
eliminates theproblem 
of lost fasteners, cuts 
rejections, customer 
complaints, etc. Claw 
like prongs toe in for 
maximum gripping 
power 


MOLDING FASTENER 


Ideal for use with 


WIRING FASTENER 


Mounting legs snap 
into round hole... 
provide secure an- 
chorage. Body of 
fastener holds wires 
without chafing. 


thread cutting fas- 
teners or available 
with threaded stud 
for nut and lock 
washer assembly. 
Spring leg maintains 
tension to keep fas- 
tener blade locked 
in molding channels. 


DURABLE DOT FASTENER 


: Snap fastener for 
\ cloth, leather, plas 

\ tics and other mate 
rials. Positive clo- 


sure, instont release. 
Black, nickel or brass 
finish. 


CARR FASTENER COMPANY 


Division of United-Carr Fastener Corporation, Cambridge 42, Mass. 


Los Angeles, 


Offices in: Atlanta, Boston, Chicago, Cleveland, Dallas, Detroit, Kalamazoo, 
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OPENING NEW HORIZONS 


. in economical por application 


98% PLUS OPERATING EFFICIENCY 

MORE POWER PER CYLINDER DOLLAR 
PROVEN LEAKPROOF OPERATION 

GREATEST SELECTION EVER OFFERED 

SAFE UNDER SEVERE LOADS 

SAFE WITH ALL KNOWN HYDRAULIC FLUIDS 
SAFE UNDER TEMPERATURE EXTREMES 
DAMAGE-PROOF PISTON RODS 





Flick-Reedy... Winner of ‘‘Plant of the Year'’ Award and ‘Silver Anvil’’ Public Relations Award 


Miller Hydraulic Cylinders make impossible applications 

look easy. With Teflon Seals, Case-Hardened Rods (50-54 

Rockwell C), Patented “Shef’’ Tubing End Seals, and other 

exclusive standard features, these cylinders are practically 

oe damage-proof, are ultra-dependable under pressure and tem- 

MORE SAVINGS! perature extremes, and provide leakproof sealing with ALL 

Our ultra-modern, new “Plant of the Year” with its hydraulic fluids. Built to exceed J. I. C. Specifications, these 

special facilities and operating economies enable us cylinders are achieving new highs in production and operating 

to offer an extra 10% price savings on our big economies in thousands of plants. Two great lines: Power- 

stock” selection of Packed Model H for 3000-5000 psi and Job-Rated Model J 

Model “H” (Hyd.) Cylinders, 142” through 8” bores; for 500-2500 psi. All bores, strokes and mounting styles. Big 

Model “J” (Hyd.) Cylinders, 1%” through 14” bores; “Stock” selection for immediate shipment at substantial 
Model “A” (Air) Cylinders, 14%” through 14” bores. savings. 


Strokes up to 36”, cushioned and non-cushioned. ee : 
Write for literature. 
Full Details On Request 


- M, | 
wet } 2 
We weet? he awe... Lees ee 


7NO18 York Road, Bensenville, Illinois 


Eo eng nea 
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WITH COPPER 


Yield Strength: 100,000 psi guaranteed minimum 
in all sizes. 


Hardness: For parts now being heat treated up to 
Rockwell C 30. 


Use These LaSalle Specialty Steel Bars to... 


GET STRENGTH IN MACHINE PARTS 
WITHOUT HEAT TREATMENT! 


e.t.d.* 180 ALLOY 


- #all yields shown in 1000 Ibs./sq. in. 


fatigue- proof 


c.e.t. = 


elevated temperature drawing “+ ~ 


Ultimate Tensile Strength: 140,000 psi guaran- 
teed minimum. 


Yield Strength: 125,000 psi guaranteed minimum. 


Hardness: Rockwell C 30 guaranteed minimum. 





<=i50 


elevated temperature drawing 


ALLOY STEEL BARS 


Ultimate Tensile Strength: 150,000 psi guaran- 
teed minimum. 


Yield Strength: 130,000 psi guaranteed minimum. 


Hardness: Rockwell C 32 guaranteed minimum. 





<i80 


elevated temperature drawing 


ALLOY STEEL BARS 


Ultimate Tensile Strength: 180,000 psi guaran- 
teed minimum. 


Yield Strength: 165,000 psi guaranteed minimum. 


Hardness: Rockwell C 38 guaranteed minimum. 


Use this coupon to request technical Salle 1430 150th Street 
literature. Check bulletins wanted: a STEEL CO. Hammond, Indiana 





[ | Bulletin 15 on STRESSPROOF name 
title 





[_] Bulletin 10 on FATIGUE-PROOF 
company 





1 . o ” 
[ | Bulletin 22 on “‘e.t.d.” 150 address 














[_] Bulletin 23 on “‘e.t.d.” 180 city 
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Precision Series “A” and 
Low Cost Series:''B’’ BALL BUSHING 


Sliding linear motions are nearly always 
troublesome. Thousands of progressive 
engineers and designers have solved this 
problem by application of BALL BUSH- 
INGS on guide rods, reciprocating shafts, 
push-pull actions, or for support of any 
mechanism that is moved or shifted in a 
straight line. 


Improve your product! Up-date your 


design and performance with Thomson 
BALL BUSHINGS! 














ttn 


Ne AS 


of DuPont Nylon, and 60 CASE 


= 


Adjustable Diameter and Open 








THOMSON NEW COMPONENTS 
capacities of 4% to 143 gpm, at pres- 
sures to 2000 psi. Northern Ordnance 
Inc, sub Northern Pump Co, Min- 
neapolis 21. 

Circle 316 on Reader Service Card 





Manifold for up to 200 psi pressure 
is for constructing air, gas or liquid 
header assemblies immediately behind 
control panels. Surface of manifold’s 
copper tube is flattened and openings 
Adjustable Diameter are die-formed, so that silver-brazing 

BALL BUSHING of tapped brass fittings is said to as- 
ew Sine Clegsanes sure leak-proof, mechanically stronger 
joint. Tubes are available in stock 
lengths of 48 in. and 1- and 2-in. dia. 


4 "| Taps are either % or % in. NPT. 
for all your Rochester 21, NY. 


Circle 317 on Reader Service Card 


Open BALL BUSHING 
for Zero Clearance on 
Supported Shafts 







Reusable hex locknut.. . 


LOW FRICTION - ZERO SHAKE OR PLAY is held in place by elliptically shaped 


top threads, which apply locking pres- 
ELIMINATE BINDING AND CHATTER sure on matching—but circular— 
SOLVE SLIDING LUBRICATION PROBLEMS threads of bolt or screw. Made with 


y Class B threads, available sizes range 
LONG LIFE - LASTING ALIGNMENT from No. 10 through % in., UNG or 


The various types cover a shaft diameter UNF threads. Allen Mfg Co, Lokon 
range of %” to 4”. Small sizes available Locnut Div, Hartford 1. 

in Stainless Steel. Write for literature and Circle 318 on Reader Service Card 
name of our representative in your city. 





THOMSON INDUSTRIES, Inc. Multiple switching assemblies .. . 


Dept. H, MANHASSET, NEW YORK 


of 6 to 12 units consist of three-posi- 
tion lever-type switches or two-posi- 
continued, page 132 
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Hardened and Ground Steel Shafting 


AIR VALVE $10,000 P.S.I. 


FOR ORIGINAL EQUIPMENT MANUFACTIRERS | SOLENOID VALVES 


250 P. S. |. four-way air valves in %, % and % inch pipe sizes. 


_ 


Important: 
These valves are 
standard catalog items. 


@ They are available for immediate deliv- 
ery (in stock) at standard valve prices, for a service which 
generally requires costly (made-to-order) special valves. 

* @ Shut off and 4-way valves in %4, % and 
NEW FACE LIFT results in LOWER PRICE Y2 inch port sizes are rated for 10,000 P.S.I. liquid or 


Molt of Gt ening elveniam of | gases. They will withstand surges of up to 15,000 P.S.I. 
this rugged ‘Shear-Seal’ valve has been without damage to the valves’ sealing qualities (designed 
reduced one iota! for a burst pressure of 30,000 P.S.I.). 
2° - Solenoids are available for 115, 230 and 460 volt A.C. 
- Same non-corrosive Construction P 
throughout — eliminates failures operation. 
due to rust. @ Long maintenance-free service is 
. same long wearing leak-proof achieved through the leak-proof “Shear-Seal” design. 
qualities — metal to metal ‘Shear- Optically flat metal to metal sealing surfaces (of the 
Seal’ design is not sensitive to self-aligning sealing rings and the mating rotor face) are 
dirt, compensates for wear. protected by staying in constant intimate contact: flow is 
. same installation savings — be- always through the center of the ‘‘Shear-Seals,"’ never 
cause no oilers or filters are across sealing surfaces, Sealing qualities actually improve 
needed. as the seals lap themselves to a more perfect fit with each 
valve operation. There is no external shaft leakage be- 


Only the exterior has been modified — tailored to the spe- 
cial preference of the Original Equipment Manufacturers cause the pressure is confined to the flow passages. 
— and, as a result, costs and prices have been substantially 
reduced. 


For complete data write 
Write for bulletin 5000 which includes design specs. for catalog S-10000. 


Wr CONTROL VALVE DIVISION * CONTROL VALVE DIVISION 
VM i valves Ve —— valves 


5125 ALCOA AVENUE « LOS ANGELES 58 © CALIFORNIA 5125 ALCOA AVENUE ¢ LOS ANGELES 58 © CALIFORNIA 
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dor Performance <<< Price 


Cost-conscious manufacturers will find 
many cost-saving advantages offered by 
NICE Ball Bearings. NICE can provide a 
complete range of standard or custom de- 
signed unground, semi-precision and 
precision bearings—and Product Designers’ 
can select bearings that insure a properly 
functioning product, yet one that is eco- 
nomically produced and competitively 


Whe i eee i 
n cost is a problem... yet quality priced. 


is a MUST...try NICE, for 
Performance and Price. 
al 


NICE BALL B . 


NICETOWN-PHILA 
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Your turn 


»..tO participate in the current problems of our profession. 


There are many ways to solve a set of simultaneous algebraic equations. The most 
straightforward ones, those that depend on subtraction or substitution, are unman- 
ageable when there are a large number of unknowns or when the coefficients of the 
unknowns are not integers. Here is a method which, while not as straightforward, 
is convenient to use as well as powerful. It is called the relaxation method and is 
explained by Richard C. Bollinger of the Mathematics Dept at Westinghouse 
Research Laboratories. 

The relaxation method is a technique for solving a set of algebraic, linear, 
simultaneous equations by a process of successive approximations. The method was 
first developed for determining stresses in loaded frameworks, a heritage that has 
colored its vocabulary with such terms as “relax”, “constraint” and “displacement”, 
even when the method is applied to nonframework problems. In brief, the physical 
interpretation of the method is that of a loaded framework supported by inelastic 
constraints such that the constraints bear all the load; the stress analyst relaxes 
the imaginary constraints one at a time, making note of the effect of each relaxa- 
tion, until the framework bears all the load and the constraints bear none. In this 
way, he converges on the approximate load carried by each member. 

But this mechanical interpretation is not necessary to an understanding of the 
mathematical method. To solve a set of simultaneous equations, first rewrite the 
equations, including a factor representing the error (called a residual) in any 
approximate solution. 

102; —_ 222 oa a= 185 Ti 
— 3x, — 622 + 27; — 93 = re 
Zi — 22, — 5x3 — 49 = 7 
The solution can now be found by reducing the residuals to zero. 

Begin with a table that shows the change in the residual with a one-unit change in 

each variable. Ar: Ar: Ars 

1 10 =-3 1 

1 —2 —6 —2 

1 1 2 —5 
This table serves as a guide for the successive approximations. As a first guess, it 
is usually best to assume that all the x’s are zero (corresponding to a framework in 
which all the load is supported by the constraints). In that case the residuals are 
r, == —185, re = —93, rs = —49. Now directing our attention to the largest 
residual, r,, we find that we can “relax this constraint,” (or nearly so) by assuming 
X; = 18. Now the residuals are r; = —S5, re = —147, rs = —31. Continuing 
with the approximations, we now attack r2 by assuming x2 = —24. Notice that we 
use a different x to relay each r. The results of each relaxation are shown below. 





Step ts Ts 


—93 —49 

—147 —31 

—3 +17 

+9 +13 

+13 +3 

+1 —1 

+0.8 +0.6 0 
+0.6 0 —0.2 
+0.1 0.15 —0.25 

+0.05 +0.05 0 


13.95 —21.9 +0.05 +0.05 0 
Recorded this way, the values of all residuals are shown at each step while only the 





OSWBWNOuorr WN © 
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YOUR TURN continued 





change in x is shown. When the r’s get reasonably close to zero, the answer is found 
by summing each x column. The exact answer is x, = 13.95, x2 = 21.89, x3 = 
1.75. 

The advantage of the relaxation method over less flexible iterative techniques 
is that it allows you to exercise your insight into the problem and to try tricks that 
may cause faster convergence. For example, experienced relaxers sometimes relax 
several constraints simultaneously, or purposely over-relax or under-relax a con- 
straint. As you gain experience with the method, you will be able to apply more 
of these tricks. 

Here are some suggestions that will help you get faster answers to sets of 
simultaneous equations with the relaxation technique. 
©The example above was particularly simple because the coefficients were all 
integers. When problems have coefficients of several significant figures, the usual 
practice is to round off the coefficient to one or two digits and solve in the usual 
way. When the residuals approach zero, you can switch back to the exact coeffi- 
cients for a precise answer. 
© It is not always best practice to relax the largest residual. Faster convergence is 
often possible by relaxing the residual with the largest Ar/Ax. 
© Not all problems converge on a solution. And some that do converge, do it very 
slowly. Experienced relaxers suggest that if removal of small residuals requires 
large changes in the unknowns, it may be quicker to try a direct method. 
© The method is not suitable for sets of equations having the same matrix of coeffi- 
cients, but different right-hand sides. For these, it is best to invert the matrix and 
use another method. 
© There is little point in reducing a residual to zero exactly; it will undoubtedly 
change again when you make your next approximation. 
© Because the constraints are relaxed at random, the method lends itself much 
better to manual solution (with the opportunity for computational short-cuts) than 
to automatic computation. 

Now you try: 

Here is a set of simultaneous equations that can be solved by the relaxation 
method. The answer is on p 130. 

22; + 0.4822 + 323 — 92, = 28 

52) + 4%. — x3 + 32, = 85 
0.8332, + 322 + 122; — 624 = 127 

2.52 + 52te —_ 1.6623 + 224 = 88 

For more detail on the relaxation method and its applications, the following 
references are recommended: 

Allen, D N de G; Relaxation Methods. McGraw-Hill, 1954 

Buckingham, R A; Numerical Methods. Pitman, 1957 

Southwell, R V; Relaxation Methods in Engineering Science. Oxford, 1940 


Your turn—to clip out a table. That’s all. But it’s an important table. And 
behind it is a significant story pointing up gaps in our communications. 

With the trend to international engineering (PE—Oct 2’ 61) conversion tables 
from inches (increments of 9.0001 in.) to millimeters have not been available. This 
bothered the Union Special Machine Company, Chicago. Dealing with its 
affiliates in Europe and Japan, where units of linear measure are in metric rather 
than English units, the company found it necessary to provide conversion tables 
from zero to two inches: 

“We were unable to locate such tables . . . though we checked with the US 
Bureau of Standards, the US Army, several engineering societies such as SAE, 
and quite a few of the larger corporations such as General Motors and Pratt & 
Whitney.” As a result the company went ahead and computed its own tables. 
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There isn’t space here for the complete set of tables* (see footnote next page), 
but we are presenting two that will be useful. Table 1 (below) is a readily available 
in.-to-mm conversion table in ,,-in. increments. It is included to allow quick con- 
version for nominal dimensions. Table 2 (next page) will more than cover most 
design tolerances you meet, from zero to 0.0499 in. 

There is no possibility of human error in Table 2—once the programming 
was completed for the computer, each figure was calculated, rounded off, and 
printed by the machine. This output, in turn, has been copied directly—not 
reset by our printer. 

It is interesting to note that three decimal places after the point in millimeter 
dimensions gives the same accuracy as four decimal places does in inches. 

For example: Suppose the diameter of a shaft is 0.4375 eon in. The fol- 


lowing table shows 11.113 mm as the equivalent of 0.4375 in. The actual 


Table 1.—Inches to Millimeters (from 1/64 to 1 in.) 





Milli- 
meters 


Decimals 
of 
an inch 


Milli- 
meters 


Decimals 
of 
an inch 





1 
2 
3 
4 
5 
6 
7 
8 


9 
10 
11 
12 


13 
14 
15 
16 


17 
18 
19 
20 


21 
22 
23 
24 


25 
26 
27 
28 


29 
30 
31 
32 








0.397 
0.794 
1.191 
1.588 


1.984 
2.381 
2.778 
3.175 


3.572 
3.969 
4.366 
4.763 


5.159 
5.556 
5.953 
6.350 


6.747 
7.144 
7.541 


= 7.938 


8.334 
8.731 
= 9.128 
= 9.525 


= 9.922 
=10.319 
=10.716 
=11.113 


= 11.509 
= 11.906 
= 12.303 
= 12.700 





0.015625 
0.03125 
0.046875 
0.0625 


0.078125 
0.09375 
0.109375 
0.1250 


0.140625 
0.15625 
0.171875 
0.1875 


0.203125 
0.21875 
0.234375 
0.2500 


0.265625 
0.28125 
0.296875 
0.3125 


0.328125 
0.34375 
0.359375 
0.3750 


0.390625 
0.40625 
0.421875 
0.4375 


0.453125 
0.46875 
0.484375 
0.5 














= 13.097 
= 13.494 
= 13.891 
= 14.288 


= 14.684 
= 15.081 
= 15.478 
= 15.875 


= 16.272 
= 16.669 
= 17.066 
= 17.463 


= 17.859 
= 18.256 
= 18.653 
= 19.050 


= 19.447 
= 19.844 
= 20.241 
= 20.638 


= 21.034 
= 21.431 
=21.828 
= 22.225 


= 22.622 
= 23.019 
= 23.416 
= 23.813 


= 24.209 
= 24.606 
= 25.003 
= 25.400 





0.515625 
0.53125 
0.546875 
0.5625 


0.578125 
0.59375 
0.609375 
0.625 


0.640625 
0.65625 
0.761875 
0.6875 


0.703125 
0.71875 
0.734375 
0.75 


0.765625 
0.78125 
0.796875 
0.8125 


0.828125 
0.84375 
0.859375 
0.875 


0.890625 
0.90625 
0.921875 
0.9375 


0.953125 
0.96875 
0.984375 
1.000 
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YOUR TURN continued 





Table 2.—Inches to Millimeters in 0.0001-in. Increments 
(from 0.0000 to 0.049 in.) 


[Inch Millimeters 
+- -0000 | .0001 | .0002 | .0003 | .0004 |.0005 | .0006 .0007 | .0008 - 0009 


ennn 2600 2093 2005 2008 2010 2013 e015 018) 9020 2023 
2001 e025 e028 2030 9033 e036 2038 204) e043 e046 2048 
002 2051 2053 e055 2058 2061 2064 0066 2069 e071 e074 
2003 0076] 2079) 0081) 9084) 9086) 2089) 2091) 6094) 097) .099 
2004 2102 2104 2106 2109 e112 0114 e117? e119 122 2124 
2005 12 0130 @132 9135 0137 0140 9142 0145 e147? #150 
2006 e152 0155 0157 2160 0163 0165 2168 0170 e173 0175 
e007 0178 0180 01862 0185 0188 0191 0193 0196 0198 e291 
2008 @203 0206 e208 e211 e213 e216 e218 e221 e224 0225 
2909 0229 e231 0233) 4236 0239 0241 0244 0246} 6249 25! 
2010 e254 e25 e259 e262 e264 e267 e269 e272 e274 e277 
e011 e279 e282 e284 @287 e290). 0292 e295 0297 e300 e302 
e012 0305 e307 0309 e312 0315 0318 e320 0323 0325 0328 
e913 0330 @333 e335 @338 2340 0343 0345 0348 e351 0353 
2014 0356 0358 2360 4363 2366 0368 e371 0373 0376 0378 
2015 0381 2384 0356 e389 e391 0394 0396 2399 e401 0404 
2016 0406 2409 e411 e414 e417 0419 e422 0424 e427 0429 
e017 0432 0434 0436 0439 0442 0445 0447 2450 0452 0455 
2018 0457 2460 0462 2465 0467 e470 0472 0475 0478 2480 
2019 483 2485 e487} 4490 2493 2495 2498 2509 2503 2595 
2020 2508 e511 0513 0516 0518 0521 0523 0526 0528 e531 
2021 0533 0536 @538 9541 0544) 9546 0549 e551 0554 2556 
2022 2559 2561 0563 0566 0569 2572 0574 e577 0579 2582 
2023 0584 0587 0589 0592 0594 0597 2599 0602 2605 e607 
2024 2610 0612 0614 e617 2620 2622 0625 0627 2630 0632 
2025 0635 0638 2640 0643 2645 2648 2650 0653 0655 0658 
0026 e660 0663 0665 2668 e671 0673). «676 0678 2661 0683 
0027 0686 0688 2690 2693 0696 2699 e791 0704 0706 0709 
2028 e7l1l e714 e716 e719 e721 0724 0726 0729 e732 e734 
2029 e737 2739 e741 744 e747 0749 e752 2754 _ @757 2759 
2030 0762 0765 0767 e77f e772 e775 el77 2780 0782 2785 
2031 0787] 0790) 0792] 0795] 0798) «890 o893| «805| 2898) 810 
203? 2813 2815 e817 2820 2823 2826 2828 e831 2833 9836 
2033 2838 2841 0843 2846 2848 2851 6853 0856 2859 2861 
034 2864 2866 2868 2871 2874 e876 2879 2881 2884 2886 
0035 ¢889 e892 9894 e897 9899 0992 0994 e997 0999 e912 
0036 0914 e917 091? 0922 2925 0927 0930 0942 0935 0937 
0037 2940 0942 0944 0947 2950 0953 0955 2958 2950 2962 
2038 0965 2968 2970 e973 975° 0978 2980 0983 2986 0988 
2039 2991 20993 2995 998 1,001 1.903 1,006 1,098 | 1,011] 1.913 
2040 Ted16| 10019) Led2l| 19024; 10026| 16029] 16031] 14034] 1,036 12039 
0041 10041] 16044] 16046] 1,049] 16052] 126054] 16057; 12059] 126062] 12064 
2042 1,067] 1.069] 1,071 1,074 1¢077| 12080; 1,082 1,085 1,087) 12990 
2043 16092] 10095] 10097] 16109] 16192] 16105] 16107] 10119] 16113] 16115 
2044 10118] 16129] 16122] %0125/| 16128] 16130] 16133] 16135] 12138] 16149 
2045 10143] 10146] 1¢148| 1el51] 10153] 16156] 16158] 10161] 16163) 16166 
2046 10168] lel7l| 10173] 10176] t06179] 10181] 16184) 16186] 106189} 101°! 
2047 10194] 16196] 16198] 16201] 162904] 16207] 16209} 1e212| 16214) 16217 
2048 10219] 16222] 10224] 19227] 16229] 16232] 16234! 16237] 16240) 10242 
2049 10245) 10247] 16249] 16252) 16255] 1e257) 16260| 16262 16265] 1267 
















































































conversion would be 11.1125 mm, but fourth-place accuracy in mm dimensions 
is virtually the same as asking for zero tolerances in inch dimensions. 

Rounding off the mm value to 11.113 wee mm, therefore, gives a total 
tolerance spread of 0.013 mm, which is equal to 0.0005 in.—the same as the 
original in.-unit dimension. Actually, rounding off the 11.1125-mm exact value 
to 11.113 mm affects interchangeability by only % of 0.0001 in. 





*A special bookiet of the complete in.-to-mm conversion tables is now in preparation. It | 
will incorporate the tables given here and extend up to 1.9999 in. This important set of | 
tables will be an exclusive contribution by PropucT ENGINEERING to the growing require- | 
ments of international engineering. 

The booklet will cost $1.00. It will be a limited edition so reserve your copy now. On a 
postcard simply mark “Tables,” along with your name and address. Send to Reader Service 
Dept, Product Engineering, 330 W 42nd St, New York 36. 





Answers to problem on p 128. 
a= 3.8, % = 17.5, 2 = 6.333, 2 = 0.777 
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A new high in V-ring performance 
and efficiency is here from Garlock in 
the new CHEVRON XV Teflon Pack- 
ings. Used for valves, pumps and 
[NIS\W/ instruments in corrosive service, this 
exclusive Garlock design has outper- 
formed ordinary Teflon V-rings in 
GARLOCK CHEVRON* rigid controlled tests. CHEVRON XV 
xv TEFLONi PACKING is superior in flexibility, freedom from 
friction, wear resistance and sealing 
P efficiency under varying pressures 
for Hydraulic, withstands pressures to 1000 p.s.i. 
Pneumatic Service (rings without hinges available for 


pressures above 1000 p.s.i.). 


Can be molded precisely. The greater 
material mass of CHEVRON XV 
permits molding to consistent close 
tolerances ring after ring—batch after 
batch. Result—perfect fit, clean lips, 
far better sealing. 


Ends frequent gland adjustment. The 
exclusive CHEVRON hinge com- 
pensates for pressure changes auto- 
matically. With proper installation, 
further adjustments are eliminated. 


Greatly extends wear. Greater material 
mass and parallel sides give Garlock 
CHEVRON XV PACKINGS much 
more working Teflon than ordinary 
V-rings. Sturdier size for size, they 
CHEVRON XV RING wear considerably longer . . . yet cost 


you no more, 


HINGE Virtually ends friction because of two 
COMPENSATES PARALLEL : 1 

FOR PRESSURE SIDES FOR factors. First, Teflon has the lowest 

ANGE TIGHT » s . 

eo : a coefficient of breakaway and running 

friction of any solid material in use 

today. Second, the exclusive CHEV- 

RON hinge action permits free opera- 

tion with minimum friction at all 

cova tex fenon THIN “TOBIN” pressures. 

MASS Al LIPS (| Lip CAUSING | 

AREA —- POOR SEAL 


cen aan Learn the full story of this superior new 


packing. Discuss your particular needs 
with. your Garlock representative. Call 
him at the nearest of 26 Garlock sales 
offices and warehouses throughout the 
U.S. and Canada. Or, write for Cata- 
log AD-192, Garlock Inc., Palmyra, 
New York. 


GA RL O 


Canadian Div.: Garlock of Canada Ltd. 


| ——— pacine SPACE ————-> | 


Plastics Div.: United States Gasket Co. 


Order from the complete line of quality 
Garlock products . . . Packings, Gas- 
kets, Seals, Molded and Extruded 
Rubber, Plastic Stock and Parts. 


*Registered Trademark tDu Pont Trademark 
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1 USED THE XYZ 
MOLDING COMPANY 


is best for ME? 


Molding your present product or new application in plastic 
or hard rubber is very often the answer to lower costs, better 

quality and faster deliveries— 
But—where can you find the custom molder that will 

fill your requirements? 

Although much of our competition can cite “blue chip” 
companies they have served for short periods, few can 
match the long-time, continuous, repeat business that we at 


STOKES MOLDED PRODUCTS 


have enjoyed from our customer list of America’s industry 
leaders. 

May we show you our references and actual job samples 
of why these firms keep coming back for more STOKES serv- 
ice? Write to Thomas E. Wallis, General Sales Manager, 
Stokes Molded Products, ‘‘W’”-Street at Webster, Trenton 4, 
New Jersey. 


P.S. If you want to include a blueprint or drawing with specs, 
we'll arrive at your office with an estimate you'll really like! 
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NEW COMPONENTS 





tion momentary or _ locking-action 
types. Having a common nickel-plated 
brass pivot rod, assemblies are sup- 
ported when installed between switch 
frame and mounting panel. Silver 
contacts are rated at 3 arp, 120 v ac 
non-inductive load (300 v_ max). 
Switchcraft, Inc, 5555 N Elston Ave, 
Chicago 30. 

Circle 319 on Reader Service Card 


Binary input decimal readout .. . 
requires as low as 35 milliw, using an 
ac motor which mounts behind panel. 
Numerals are 1 in. high. Motor pack- 
age capable of driving eight readouts 
is priced at $55; delivery, 60 days. 
Calibration Standards Corp, 1025 
Westminster Ave, Alhambra, Calif. 
Circle 320 on Reader Service Card 


Annunciator for close monitoring . . . 
is designed primarily for applications 
where it is necessary to acknowledge 
each alarm separately. With % x % 
in. frontal area, as many as 90 units 
can be installed in an area of 1 sq ft. 
Units are installed by simply snapping 
into punched panel, and no supporting 
structures are required. Annunciators 
also serve as_ press-to-acknowledge 
switches, with reset accomplished by 
means of standard pushbuttons. Win- 
dow inserts are printed to customer 
specifications, and are available in 

continued, page 134 
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SQUARE 'NWORDAK 


—A SIMPLER, FASTER, STATIC CONTROL! 


norpak is a significant advance in the field of static switching. 
Like other static systems, NORPak performs the functions of 
machine tool relays, stepping relays, ]atching relays and timers 
—all without contacts or motion of any kind. 

Like other static systems, NORPAK is ideal for applications 
where speed is important—where reliability and long life 

are essential— where conditions make 

conventional magnetic devices impractical. 


But unlike other static switching systems, 
nORpAak otters these important advantages 


< EASIEST TO APPLY 
The transistor NOR unit is the basis of 
worpak. All logic functions— AND, OR, 
NOT, MEMORY -—can be accomplished with 
combinations of this single NOR unit. 
NORpA is not complicated — it's easy to 
apply to conventional circuits. Units are 
color-coded for quick identification. Simple 
DC circuit eliminates worry about phase 
relationships. 


UNMATCHED SPEED 
nworpak provides switching at rates up 


EXTRA DEPENDABILITY 


NOR units have been time-tested in 


computer use for years. They are 
not subject to wear, will give top 
performance indefinitely, and pro- 
vide unfailing cireuit fidelity. 


SIMPLE TO USE 

Optional monitor lights give visual 
evidence of proper performance. 
Simple dynamic sequence tester 
checks individual NOR units in 


operation. 





EXPERT APPLICATION 
HELP 

Field specialists, factory-trained 
in all aspects of NORPak can give 
you on-the-spot answers to any ap- 
plication questions. 


to 25,000 per second — faster than any other 
industrial static system. 


SMALLEST COMMERCIAL 
PACKAGES 

nwoRpAK is available in the form of individ- 
ual components, orin completely engineered 
systems. Compononts are offered in 6 and 
20 paks, require only 1/4th the equivalent 
relay panel space, and weigh less than com- 
ponents of other static systems. 





worpak is available as individual 


components for application to specific 
control f ti oras pletely engi- 
neered systems ranging from the smali- 
est to the largest panels 





SQUARE J) 
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— its theory, application and operation..: 
Square D Company, 4041 North Richards St., 
Milwaukee 12, Wisconsin 


COMPANY 


wherever electricity is distributed and controlled 
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LET MUELLER translucent white, red, yellow, green, | 
blue. Radiation Technology, Inc, 657 | i I S Ee r 
Antone St, NW Atlanta 16, Ga. 
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Mueller Brass Co. of Port Huron is 


much more diversified than the name | 


“Brass” implies . . . a lot more. In 
fact, because of its many and varied 
facilities . . . its men, methods and 
metals ... Mueller is in the unique 
position of being able to offer true 
single source service. 


MUELLER HAS THE MEN .. . experi- 
enced engineers with the ability to 
work out, creatively, tough design 
problems, and improve a part or 
components for production by the 
most economical method. You get 
sound engineering plus 45 years of 
practical metalworking production 
experience when you “Let Mueller 
Make It.” 


MUELLER HAS THE METHODS... 
when you “Let Mueller Make It”, 
you are utilizing one single source 
that is able to produce parts any one 
of these ways: as forgings, impact ex- 
trusions, sintered metal parts, screw 
machine products, formed tube or 
as castings. 


MUELLER HAS THE METALS... and 
the materials . . . to produce pre- 
cision parts in aluminum, brass, 
bronze, copper, iron, and steel in 
hundreds of different alloys to meet 
each exact requirement. 


In addition, Mueller Brass Co. has 
complete and modern facilities for 
performing all types of finishing and 
sub-assembly operations. Another 
plus value is nation-wide sales engi- 
neering service. 


So, in the final analysis, no matter 
where you fit in the American indus- 
trial picture, whether you're making 
missiles or mowers...and no matter 
where you're located, it will pay you 
to LET MUELLER MAKE IT! 


MUELLER BRASS CO. 


PORT HURON 29, MICHIGAN 
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Pushbutton is held in “on” position 
by built-in electromagnet until re- 
leased by switching off holding cur- 
rent, which can be done manually or 
by separate, remotely located key. 
Two-color button makes position 
easier to determine visually. Oper- 
ating voltage is 12 v dc, holding cur- 
rent 15 milliamp, contact carrying ca- 
pacity is 3 amp, noninductive. Com- 
ponents Div, International Telephone 
& Telegraph Corp, 320 Park Ave, 
New York 22. 

Circle 322 on Reader Service Card 


Finger-grip pushbutton . . . 
has %2-in. wide protection on side of 
housing that provides leverage for op- 
erator of equipment requiring fre- 
quent actuation over long periods of 
time. Clark Controller Co, 1146 E 
152nd St, Cleveland 10. 

Circle 323 on Reader Service Card 


Steel wheels with white sidewalls 


are made in 6, 7, 8, and 10-in. OD, 
tire widths. 


1.375 to 1.750 in. 


continued, page 136 
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Coolant Pumps 
are 


PROVED IN 
PERFORMANCE 





——y+ 


400 
GALLONS PER MINUTE SOLUBLE COOLANT 
HEAD 6 GPM MEASURED AT THE DISCHARGE 


Performance chart is for Model 11025 


You can be sure that your 
GUSHER Coolant Pumps will 
give you year after year of 
highly satisfactory service. 
GUSHER Pumps are built to 


last the life of the machine 
they service. 


Model 11025 
is an im- 
mersed type 
Gusher Cool- 
ant pump for 
installations 
where deep 
tanks are 
necessary. 


Model 11024 CM Long 
for pump installations 
requiring standard 
NEMA foot mounted 
motors to meet 
J.I.C. specifica- 

tions. Available in 
% HP and larger. 


Gusher, fully 
portable, Tank 
Units are 
available in 
capacities 
from 10 to 50 
gallons. 


Write for Catalog 


MACHINERY CO. 


* COOLANT PUMPS 
© CIRCULATORS + AGITATORS 
© MOLTEN METAL PUMPS 


1818 Reading Road 
| Cincinnati 2, Ohio 
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j For versatile Moduline® 
/ Motocylinders: 

Westinghouse relies on 
DINGS MAGNETIC DISC BRAKES 


for fast, frequent stops 


The cyclical operation of Moduline® Motocylinders, with as 
many as 30 thrust and return strokes per minute, demands 
not only instantaneous braking action but brakes with long, 
trouble-free service life. 

That’s why Westinghouse uses Dings Direct-Acting Magnetic 
Disc Brakes. The Dings Brakes used on Moduline® Moto- 
cylinders are estimated to be good for 200,000 to one million 
stops (depending on application) before adjustment is necessary. 

In addition to positive, instantaneous stops and low main- 
tenance requirements, these other Dings Brake advantages will 
add efficiency to your operations: 


e No mechanical linkages to require maintenance. Easily 
accessible and simple to install— brakes mount on standard 
NEMA “C” frames. Available for horizontal, vertical or 
foot mounting. Easily accommodates thru shaft in all 
standard waterproof and dust-tight enclosures. Wide torque 
range—1 1% to 175 lbs. ft.—easy torque adjustment. 

¢ Fail-safe design in event of power failure. e Standard drip- 
proof, waterproof or dust-tight enclosures. e Hazardous 
location brakes UL approved. 


To help solve your specific brake problems, call on Dings 
complete engineering service. 


Write for Bulletin BK4006 


DINGS BRAKES, inc. 


A SUBSIDIARY OF DINGS MAGNETIC SEPARATOR CO. 
4715 West Electric Avenue 
Milwaukee 46, Wisconsin 
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Bearings can be of sintered, ball or 
roller type. Swift Mfg Co, Inc, 13595 
Helen St, Detroit 12. 

Circle 324 on Reader Service Card 


Tensioner and idling sheaves... 
pulleys and sprockets are equipped 
with needle bearings and available in 
18 sizes, with hardened and ground 
shafts 2, 3 or 4-in. long. Brewer Ma- 
chine & Gear Co, 1441-43 N 2nd St, 
St Louis 6. 

Circle 325 on Reader Service Card 


Air control valve . . . 
with 100 psi supply can fill or exhaust 
its 12 cu in. load chambers in 0.125 
sec (for 100 cu in. capacity, time is 
0.66 sec). Of aluminum construction, 
solenoids require only 7.7 w. Meas- 
ures 344 x 1% x 3% in. high. 
Hannifin Co, Dept 126, 501 S Wolf 
Rd, Des Plaines, Til. 

Circle 326 on Reader Service Card 


Elastomer vibration isolator .. . 
is said to provide up to '% in. static 
cushion (deflection), as compared to 
typical rubber-in-shear units which 
can handle as much as % in. 12 
sizes and durometer ratings can be 
used for loads of 10 to 5000 Ib. 
Korfund Co, Inc, 19G Cantiague 
Road, Westbury, NY. 

Circle 327 on Reader Service Card 


Size 00 starter... 

for general purpose motor applica- 

tions of 2 hp and less is a non-revers- 
continued, page 141 
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So gentle it won’t chip china, yet powerful laboratory assignments to actual production 
enough to bend steel tubing as if it were a soda line work. 

straw. In a nutshell, this demonstrates the al- If you would like additional information about 
most unbelievable degree of control built into air-draulic devices or other Logan products, 
Logan air-draulic devices. merely fill in the coupon below. 


The controlled accuracy gives this equipment 
a versatility and flexibility that makes it adapt- 


able to all kinds of jobs, ranging from precision AIR AND HYDRAULIC OPERATED MACHINES 


Check the items you want, fill in your name and address, tear out and mail to: 


Logansport Machine Co.,Inc. + 780 Center Avenue, Logansport, Indiana 


100-1 AIR CYLINDERS ___200-1 HYD. POWER UNITS Please send copy of catalog 
__100-2 MILL-TYPE AIR CYLS. ___200-2 ROTOCAST HYD. CYLS. 
100-3 AIR-DRAULIC CYLS. __.200-3 750 SERIES HYD. CYLS. NAME. 
__.100-4 AIR VALVES ___200-4 and 200-7 HYD. VALVES 
__100-5 LOGANSQUARE CYLS. _ 200-6 SUPER-MATIC CYLS. TITLE 

100-6 ULTRAMATION CYLS ABC BOOKLET 
__100-7 SUB-PLATE AIR VALVE __CIRCUIT RIDER 
—300-1 CHUCKS __CALCULATOR ADDRESS... 
300-2 PRESSES —_FACTS OF LIFE 
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ARLIk-ROCKWELL 


\/ 8 BP BELIABILITY 
\" QUNTS in LANDIS 14” LR 
universal grinders 


MRC Super-Precision Ball Bearings contribute to the reliability 
and accuracy of the all new Landis 14” LR Universal Grinders. 


These bearings are used in the headstock and wheel feed — 


MRC plenbebed Wevalosed end in this, the most accurate grinder ever produced by Landis 


produces Super-Precision Ball 
Bearings for high speed and to 
provide the ultimate in accu- YEARS EXPERIENCE 


FaRy and load carrying capacity. Consult OUR Engineering Department on YOUR Bearing Problems \/ » 


Tool Company for medium production runs, as well as tool work. 


BALL AND ROLLER 
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Specification steel making in Blaw-Knox Steel Foundries 
gives your product physical properties for maximum service 


To insure the physical properties nec- 
essary for the service requirements of 
your product, Blaw-Knox maintains 
facilities for specification steelmaking 
including the regularly used mixes of 
carbon steels as well as special alloys 
such as molybdenum, chrome, nickel, 
and vanadium grades. 

Ten acid open hearths, ranging in 
capacity from 10 to 70 tons, and two 
electric furnaces are available to pro- 
duce exact quantities of many differ- 
ent grades of steel for many different 
castings at the same time. In some 
cases, as shown, huge castings weigh- 
ing up to 300,000 pounds are poured 
simultaneously from three ladles. 

Steelmaking to your order, in large 


or small amounts, is another part of 
Blaw-Knox Steel Casting Service that 
adds value to your product. And 
there’s good reason why. Blaw-Knox, 
one of the world’s leading manufac- 
turers of rolling mills and industrial 
machines, knows how to keep an eye 
on the end-use conditions of a steel 
casting, make it for maximum service. 

If you design or build products 
using cast steel components, ranging 
from 50 pounds to 300,000 pounds, 
Blaw-Knox would like you to have 
a copy of our brochure detailing Blaw- 
Knox Steel Castings Service. Write 
to the Foundry and Mill Machinery 
Division, 300 Sixth Avenue, Pitts- 
burgh 22, Pennsylvania. 


housing was cast and machined at a Blaw- 
Knox Foundry. Test pressure 1800 p.s.i.— 
working pressure—1500 p.s.i. Weight— 
20,000 pounds. 


BLAVWW-KNOX 


Stee/ Castings 
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NO-RIB ‘ RIBBED 
Thick-gauge magnesium sheet is so rigid that time-consuming rib stiffeners 
and fasteners are eliminated. Yet the magnesium panels are light and strong 


resist dents and punctures better than thin-skinned ribbed constriction 


Magnesium no-rib, of course. By increasing the sheet 
thickness slightly, designers of containers and vehicle 
bodies get a tremendous boost in rigidity, thus can 


WHICH H IG H-STRENGTH eliminate stiffening ribs. And since magnesium is the 


lightest structural metal, the resulting unit weighs 


DESIGN WEIGHS LESS 7 less than conventionally-designed structures using 


other metals. (No-rib design in other metals intro- 


COSTS LESS T0 BUILD? duces a severe weight penalty.) Magnesium no-rib 


structures are smooth-walled, minimize crevices for 
water seepage, have greater cubic capacity pound- 


for-pound than ribbed units. For detailed informa- 
tion on using magnesium no-rib construction for 
fabricated units of all types, write THE DOW METAL 
PRODUCTS COMPANY, Merchandising Department 
1108DZ12-11, Midland, Michigan. 


f THE DOW METAL PRODUCTS COMPANY 


MAGNESIUM ar ’ , 
MILL PRODUCTS Division of The Dow Chemical Company 
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three-pole device or in NEMA I en- 
NEED NO MACHINING! closure with two or three snap-action 
bi-metallic disk-type thermal overload | 
relays. Westinghouse Electric Corp., 
Standard Control Div, Beaver, Penna. 
Circle 328 on Reader Service Card 





FLUIDS 


For fast easy connecting and 
discon necting of supply lines, use— 
PSC DISCONNECTS 


The most economical way to make or 
change set-ups. Fast, simple one-hand 
operation permits connecting or discon- 
necting in seconds. Just “plug in,” 
automatic locking forms a positive leak- 
proof connection. 


INSTRUMENT - AIRCRAFT -INDUSTRIAL 


~ 

. 4 

Oe ey F ae 
ay, ae 

SERIES “A"—smali, compact, one-hand 


operation. Fast, automatic action—no 
turning or twisting necessary. 


‘ SERIES “D"—interchangeable with pop- 
7 ular a. costly as 
; . inventories. The same trouble-free con- 
Relays with 2 through 8 poles... struction as Series “A”. Automatic lock- 


occupy same amount of panel space ing. Positive sealing. 
(above) Automotive transmission stator blade. and butt together in rows so that 
(below) Electric typewriter carriage part. wiring duct fits over all terminals. 
Contacts are said to be convertible in 
These parts are made from Dow pre- seconds without removing screws, 
cision magnesium extrusions. They wiring or adding parts. Coils can also 








required no machining because of close’ be changed without removing wiring. 

as-delivered tolerances. Such precision Visual indication of operation is pro- 

parts need only end trimming or cut-) vided and all relays are manually op- 

ting to length. Where transverse holes erable. Rated 10 amp, 300 v. Square 

are required, only drilling and tapping D Co, Dept SA, 4041 N Richards St, 
, , 


are needed. 

Dow precision magnesium extru- 
sions provide tolerances as close as| 
+.001 on critical cross-sectional 
dimensions, plus dimensional stability DISCONNECTS available in many types 
and light weight. Because machining . and sizes for most media, for instru- 
is ; < ment, missile, aircraft and industrial 
is not needed, production costs are applications. Permits making and chang- 
reduced. Precision magnesium extru- ing set-ups instantly. Cut set-up time— 
sions like these are ideal for office a 
machine parts, power-train com- a. 6 
ponents, and other precision equip- | ft) ee = 
ment. | ; 2 io ih 

Complex extruded parts can be pro- y 
duced with consistent precision fits. STRAIGHT-THROUGH 
Extruded shapes may include sharp | ae SERIES “E”—full flow permits un 
79. . j _ rmi re- 
V’s, thin_notches and accurate ser- e stricted flow of media. Same inside 
rations. For information, write THE . pany Ay A EP ned 

, " rw a ‘ . ’ qui 
DOW METAL PRODUCTS COMPANY, a or gases. Positive sleeve-locking action. 
Midland, Michigan, Merchandising ~~ — 

Dept. 1153DZ12-11. , =, esereeaaenas Teavtel 

1 : . SERIES “G"—two-way check valve stops 
the flow from both socket and plug 
when disconnected. ideal for fast pres- 


ee Pus of gases and industrial 
fluids. PUSHOMATIC® one-hand oper- 


Milwaukee 12. 
Circle 329 on Reader Service Card 


ation. 


DOV PSC Disconnects shipped from stock. 
Ask for BULLETIN 1475 listing types 
and sizes—working pressures and other 


Magnetic siarter.. . engineering data. 

os for het Feo od — PERFECTING SERVICE ‘CO. 
applications has inherently trip-free 332 Atendo At Chalo oe 
THE DOW METAL PRODUCTS COMPANY thermal overload relay with visual 


Division of The Dow Chemical Company continued, page 142 
, 
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BELLOWS 
ENGINEERS 
full-time on 
your staff! 


— 
_—— 


That’s not just advertising puffery . . . every bellows design engineer 
on our staff is ready to tackle any problem you bring up . . . and while 
he’s battling it, he’s just like a full-time man on your own staff! 

These, men are wizards in their field—and they’d like nothing bet- 
ter than working on a “tough” bellows application dealing with 
critical extremes of temperature, extremely hazardous atmospheres, 
or situations of severe stress. 

These are the jobs they like to sink their teeth in . . . but they also 
like an opportunity to come up with instant answers to the more 
prosaic (but highly important) problems that you run into from 
day to day. 

Just remember, a “living metal” bellows can be a design engineer’s 
most versatile tool—and no one’s had wider experience than these 
men at Robertshaw. 

For highly informative background material on bellows properties 
and characteristics, write today for Catalog XP-R. 


FULTON 
SYLPHON 
DIVISION 


MR CONTROLS 


Robertshaw-Fulton Controls Company Bm 
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trip indicators. Encapsulated magnet 
coiis with built-in terminals of the 
dual voltage, dual frequency type, for 
110/220 and 220/440 v, 50 or 60 cps. 
Furnas Electric Co, 1050 McKee St, 
Bataviz, Ill. ~ 

Circle 330 on Reader Service Card 


Foot or palm-operated switch .. . 
is 5-in. dia and intended for use as 
emergency stop or multi-switch start- 
ing. Available with following con- 
tact arrangements: one normally open 
—one normally closed; two normally 
open—two normally closed. NEMA 1 
enclosure has die-cast case and button, 
with bellows-type seal. Cutler-Ham- 
mer 315 N 12th St, Milwaukee 1. 
Circle 331 on Reader Service Card 


Subminiature snap switch .. . 
is driven by self-energized spring and 
is designed to carry current loads as 
high as 10 amp. Rated service life is 
said to be more than 1 million opera- 
tions. Temperature range, 100 F to 
250 F. Contact arrangement, SPDT. 
US Switch Corp, 7 Jefry Lane, Hicks- 
ville, NY. 

Circle 332 on Reader Service Card 


Switch for mounting behind panel 
is for those applications where it is 
important that switch not be operated 
by mistake, such as in voltage selection 

continued, page 147 
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B.EGoodrich 


Hughes 269A compact, low-cost helicopter, designed and mass-produced 
by Hughes Tool Co., Aircraft Division, Culver City, California, utilizes extru- 
sions of rigid Geon manufactured by Ryko Products, Inc., Los Angeles. 
Portions of Geon extrusions are shown inset: @ aerodynamic shape is 


part of slat across cabin top; 


2) flat, notched sections contain and seal 


plastic canopy; @ T-shaped section is part of tail boom spoiler. B.F 
Goodrich Chemical Company supplies the rigid Geon vinyl resin. 





Now even helicopters go “compact”— 
low-cost design features rigid Geon 


The manufacturer of this helicopter had a special design 
problem: how to save weight and cost while meeting the 
tough design requirements of aircraft. Engineers found 
the answer in rigid Geon vinyl. Lightweight and accu- 
rate extrusions of rigid Geon helped keep costs down. 
At the same time, their strength and resistance to 
weathering made them structurally and aerodynami- 
cally ideal. 

Rigid Geon vinyl extrusions are used to join—and 


seal—sections of the acrylic “‘bubble’’, as well as for 
door frame retainers. Other extrusions form the aero- 
dynamic slat across the cabin top and the tail boom 
spoiler. 

Here’s another excellent example of the way that 
rigid Geon improves a product, reduces weight and 
costs. To get more information, write Department NO-6, 
B.F.Goodrich Chemical Company, 3135 Euclid Avenue, 
Cleveland 15, Ohio. In Canada: Kitchener, Ontario. 


B.EGoodrich Chemical 
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a division of The B.F.Goodrich Company 
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Product Engineering De- 
sign Manual. Edited by 
D. Greenwood. Save 
time and work in design 
of components, devices, 
and products 


Publisher's Price 
$11.00 
Club Price, $9.35 


Handbook of Fastening 
and Joining of Metal 
Parts by V. Laughner, 
and A. Hargan. Quick 
answers to fastening 
and joining problems. 
Publisher's Price, 
20.00 


Club Price, $16.95 


Estimating Machining 
Costs by C. Parsons. 
How to make accurate 
and __ profit-supporting 
estimates of machining 
costs 

Publisher's Price, $9.00 

Club Price, $7.65 


The New American Ma- 
chinist’s Handbook. Ed- 
ited by R. Le Grand. 
1579 pages of depend- 
able facts to speed up 
and simplify your work. 
Publisher’s Price, 


Club Price, $12.75 


Management for Engi- 
neers by R. Heimer. 
Aid your engineering 
future with these prac- 
tical management 
methods. 

Publisher’s Price, $7.50 

Club Price, $6.40 


Mechanism by J. Beggs. 
Tested methods of an- 
alyzing complex mech- 
anisms and solving me- 
chanical design prob- 
lems. 

Publisher's Price, $8.50 

Club Price, $7.25 


Formulas for Stress and 
Strain by R. Roark. 3rd 
Ed. Brings together for- 
mulas, facts, and ta- 
bles pertaining to 
strength of materials. 
Publisher's Price, $8.50 
Club Price, $7.25 


Epoxy Resins: Their Ap- 
plications and Tech- 
nology by H. Lee and 
K. Neville. How to se- 
lect and apply epoxy 
resins 

Publisher's Price, $9.00 

Club Price, $7.65 


How to Become A Pro- 
fessional Engineer by J. 
Constance. Helps you 
get your professional 
engineer’s license more 
easily and quickly. 

Publisher’s Price, $6.00 

Club Price, $5.10 


Successful Technical 
Writing by T. Hicks. 
Step-by-step methods 
and practical pointers 
on writing for today’s 
major technical markets. 
Publisher's Price, $5.95 
Club Price, $5.05 


L COUPON AT RIGHT TODAY 

















How many of these books do you 
wish you had at Club savings? 


Select one for JUST A DOLLAR! Choose from Handbook of 
Fastening and Joining of Metal Parts, Management for Engineers, The 
New American Machinist's Handbook, and seven other valuable books 
. . . your introduction to membership in The Mechanical Engineers’ 
Book Club. 

If you're missing out on important technical literature—if today’s 
high cost of reading curbs the growth of your library—here’s the 
solution to your problem. The Mechanical Engineers’ Book Club was 
organized for you, to provide an economical technical reading program 
that cannot fail to be of value. 

All books are chosen by qualified editors and consultants. Their thor- 
oughgoing understanding of the standards and values of the literature 
in your field guarantees the authoritativeness of the selections. 


HOW THE CLUB OPERATES 


As part of the Club service you receive free of charge The Mechanical 
Engineers’ Book Bulletin. This gives complete advance notice of the 
next main selection, as well as a number of alternate selections. If you 
want the main selection-of-the-month you do nothing; the book will 
be mailed to you. If you want an alternate selection . . . or if you 
want no book at all for that period . . . notify the Club by returning 
the convenient reply card enclosed with each Bulletin. 


SAVES YOU TIME AND MONEY 


We ask you to agree oniy to the purchase of three books in a year. 
Certainly out of the large number of books in your field offered in any 
twelve months there will be at least three you would buy anyway. By 
joining the Club you save yourself the bother of searching and shop- 
ping, and save in cost about 15 per cent from publishers’ prices. 

Send no money now. Just check any two books you want—one for 
only $1.00 and one as your first Club selection—in the coupon below. 
Take advantage of this offer now, and get two books for less than the 
regular price of one. (If coupon is detached, write to The Mechanical 
Engineers’ Book Club, Dept. PE-12-11, 330 West 42nd Street, New York 
36, N. Y.) 


THIS COUPON WORTH UP TO 


The MECHANICAL ENGINEERS’ BOOK CLUB, Dept. PE-12-11 
330 West 42nd Street, New York 36, N. Y. 
Please enroll me as a member of the Mechanical Engineers’ Book Club. I am to 
receive the two books I have indicated below. You will bill me for my first selection 
at the special club price and $1 for my new membership book, plus a few additional 
cents for delivery costs. (The Club assumes this charge on prepaid orders.) Forth- 
= ee will be described to me in advance and I may decline a 
ni a 
good in U.S. only.) 
Check 2 books: #1 for dollar book and #2 for Club selection 
0 Product Engineering Design 0) Management for Engineers, 
Manual, $9.36 $6.4 
O Handbook of Fastening and Mechanism, $7.26 
Joining of Metal Parts, Formulas for Stress and 
$16.95 Strain $7.25 


Epoxy Resins, $7.65 

How to Become a Profes- 
sional Engineer, $5.10 
Successful Technical Writ- 
ing, $5.05 


ons or alternates in 12 months of membership. (This offer 


Oo 2 nena Machining Costs, 
0 The New American Machin- 


ist’s Handbook, $12.75 
PLEASE PRINT 


Company 


NO RISK GUARANTEE 


membership will be canceled. 


If not completely satisfied, you may return 
your first shipment within 10 days and your 


PE-12-11 


pm OE OO eee 
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From the number of new battery-pow- 
ered products making the headlines of 
late, one might conclude lead-acid bat- 
teries had just been discovered. What 
is being discovered is that while lead- 
acid batteries themselves go back 100 
years, they’ve gone through tremendous 
changes in the past decade. In fact, de- 
sign and purchasing decisions based on 
performance data only five years old can 
be radically misleading. Here are some 
battery re-assessments which promise 
new dividends to manufacturers. 


Soon: 
A Battery-Powered Family Car 


Since much family driving is short-haul, 
stop-and-go, Stuart Motors, Inc., Kal- 
amazoo, figures many would like a 
compact auto that doesn’t use any fuel 
when stopped at lights, requires no 
shifting of gears, and has mechanical 
parts that are simple and very few. 
These features have been combined in 
the new battery-powered Stuart car 
soon to be available across the country. 


The Stuart will be recharged by plug- 
ging into a 110-volt household outlet. 
One charge will power the car for 
about 35 miles — a short range by gas- 
oline standards, but more than the daily 
mileage most family cars run up in 
typical suburban operation. Top speed 
of the Stuart is about the legal limit 
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where most such driving is done. Be- 
cause batteries take little space, the 
Stuart offers lots of usable room in its 
10-foot length. That running cost will 
be amazingly low is amply evidenced by 
battery-powered vehicles already in 
commercial operation. 


Truck Fleets Prove Economy 
of Batteries 


An Atlantic City dairy tested electric 
trucks on typical routes, found the cost 
of “fuel” (recharging of batteries) was 
about 2.5¢ a mile. Cost of gas and oil 
for identical runs was 3.66¢. Another 
test in Ohio showed 1.5¢ a mile for elec- 
tric trucks against 7.7¢ for gasoline. One 
reason: on the average home delivery 
route, gasoline-powered trucks spend 
much time idling at the curb, get only 
four to five miles to the gallon. 


These tests and others also indicate 
much lower maintenance costs with 
electric trucks — about $210 a year, 
against about $640 a year for gasoline 
trucks, not counting major overhauls. 


Other costs are lower, too. There’s a $35 
saving on license plates, for instance, in 
Pennsylvania. Smooth starts reduce 
tire costs as much as $100. And because 
an electric truck is “off” when it is 
stopped and can’t run away, insurance 
rates are lower — $263 to $420 in a 
typical case. 


Boats are a Market, Too 


Battery-powered boats have plied St. 
Louis’ Forest Park lagoon for most of 
the years since the Fair of 1904. This 
summer the fleet was replaced. Lead- 
acid batteries still provide the power, 
but the boats have several new features. 
One of note is a sea-going species of 
“power steering” to which electric pro- 
pulsion is particularly adaptable. The 
one-third horsepower motor with pro- 
peller attached is mounted underwater 
on a vertical shaft through the hull. The 
whole assembly moves when the steer- 
man turns the wheel. There is no rud- 
der. Thrust from the waterproof motor 
does its work without the slue and yaw 
that’s usual with small craft. Steering is 
positive, more like that of a car — which 
most Forest Park seamen are more 
accustomed to running. 


This kind of maneuverability should be 
welcome in other small craft. Combined 
with the quietness of battery power, 
fishermen especially should go for it. 


Quiet Mowers Win Loud Acclaim 
A battery-powered lawn mower intro- 
duced in England a year ago is cutting 
a wide swath in markets formerly mo- 
nopolized by gas-powered and electric 
cord machines. Its quick success has 
been duplicated state-side by another 
independently developed here. Within 
weeks of its announcement, the maker 
had received 5,000 orders. He expects 
to produce 20,000 by next spring. 


Offered in both rotary and reel types, 
battery-powered mowers are consider- 
ately quiet — no sound but a soft whirr 
of blades. Two cents’ worth or so of 
utility current is enough to manicure 
15,000 sq. ft. of lawn. With no com- 
bustibles to store, no extension cord to 
trip up on or get cut, safety is another 
welcome feature. 
— A ee 


There is much that’s new in batteries — 
and lead applications in general. For 
technical information and assistance in 
the product areas that interest you, 
simply write to Office of Technical 
Information, Lead Industries Associa- 
tion, 292 Madison Avenue, New York 
17, New York. ” 
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High-torque, 
fast-reversing 


Beaver Ball Screws 


help Mahon save 85% Barber-Colman 
in drilling holes in. = a-c motors 


| 
| 


bridge beams, columns | (with or without gearheads) 
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Close ielemmnce positioning of massive 114” capacity vertical and 

horizontal drill heads is accomplished with Beaver ground-thread a 
ball screws in this new, numerically controlled drilling machine, 

first in the structural steel industry. 


Ideal for low-cost servo systems uti- 
lizing either transistor or vacuum- 
tube control, these compact, powerful 


neas , ao ESF shaded-pole motors are adaptable to 
In addition to the important drilling cost savings, it offers repeat- a variety of electronic control cir- 


were in hole pattern accuracy within + .005” as compared with cuits, In many systems they satis- 
= 14” by conventional methods and eliminates costly hole ream- factorily replace motors costing 
ing in final assembly. twice as much. Adaptable to split- 


phase capacitor operation . . . avail- 
If you are considering data control, Beaver ball screws will able with open or enclosed gear 


give you the power efficiency, positioning control and compact- reductions . . . 2-phase or electronic 
ness you need. Our engineers will be glad to work with you control windings. Ratings are from 


just as they did, in this case, with the Walter P. Hill designers. | .00015 to .04 hp. Fast-reversing low- 
inertia rotors ... high starting torque 
2 . electrodynamic braking .. . 
i quality guaranteed! 


WRITE FOR NEW QUICK REFERENCE FILE 
U{/, [| rit fii Seaver Gives typical specifications on the complete line 
‘ek oe ah " Drecision Bor gent ancehyene Ayr ge 


out reduction gearing * Open or enclosed types 


i Droducts Stator and rotor sets also available. 


INC. 
i BaRBER-COLMAN COMPANY 
CLAWSON, MICH. Dept. X, 1212 Rock St., Rockford, Illinois 


Walter P. Hill, Inc., designed and built the machine 
for The R. C. Mahon Co., Structural Steel Division 





146 CIRCLE 146 ON READER SERVICE CARD CIRCLE 63 ON READER SERVICE CARD 








NEW COMPONENTS 





in heavy duty equipment. Operation 
is by screw driver inserted through 
slots in protective panel. Cutlet-Ham- 
mer, 315 N 12th St, Milwaukee 1. 
Circle 333 on Reader Service Card 


Two-way solenoid valve .. . 

measures 2-17/32 in. high and has 
face-to-face measurement of 1% in. 
Packless and normally closed, valve is 
made with either Delrin or brass 
body. For % and %-in. pipe connec- 
tions and 3/32 in. orifice. Continuous 


| duty, Class A coils, rated 5 w ac, 


available in most standard voltages. 


| Automatic Switch Co, Florham Park, 
| NJ. 


Prevent Runback 
of Conveyors and 
Similar Equipment 


HSB Clutches 


Eliminate reverse rotation on 
conveyors, transfer machines and 
similar equipment with preci- 
sion built Formsprag HSB, high- 
speed backstopping clutches. 


e Effective seals, oil reservoir 
with sight glass and filter 
breather add up to reduced 
maintenance. 


© Select torque capacities from 
140 to 1900 Ibs. ft. 


@ Choose bore diameters from 
.500” to 2.750”. 


e Exclusive Formchrome sprags 
permit more capacity for 
given clutch size and weight. 


Write for Catalog 105B. 


FORMSPRAG 
COMPANY 


23607 HOOVER ROAD, DEPT. 125 
WARREN (DETROIT), MICHIGAN 


Precision Power Transmission Products | 
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sembly. 


| cycling 
| processing 


Circle 334 on Reader Service Card 


Remotely adjustable relief valve . . . 
consists of pilot-operated valve and 
a 115-v ac electric motor actuator that 
turns an eccentric cam, which in turn 
extends or retracts a plunger. Plunger 
alters compression of valve’s control 
spring, thus changing line pressure 
required to open valve. Desired pres- 
sures are set by limit switches in actu- 
ating motor for any two settings up to 
5000 psi. Available in %-in size. 
Double A Products Co, sub Brown & 
Sharpe Mfg Co, Manchester, Mich. 
Circle 335 on Reader Service Card 


| Multiple split-lobe cam switch .. . 


is adjustable for on-off time by means 
of individual dials on each cam as- 
Repositioning of individual 
lobes in each cam assembly alternates 
of machine functions or 
steps at fixed 


intervals. | 


Gemco Electric Co, 25685 W Eight | 


| Mile, Detroit 40. 


Circle 336 on Reader Service Card | 


Solid-state time delay .. . 
elements are available in fixed or vari- 
able units, to operate from 50 micro- 


| sec to 500 sec at standard accuracies 


of 2%, 5% and 10% over any com- 
bination of 18 to 31 v de and at —55 
C to 125 C. Variable units may be 
adjusted over 30:1 range by means of 

continued on page 149 
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For indexing rates 
to 1200 strokes/min. 


HP! Clutches 


Whenever indexing require- 
ments exceed 150 strokes per 
minute or 90° per stroke, then 
Formsprag HPI clutches present 
the ideal solution. Proved the 
finest indexing clutch on the 
market today! 


e Torque capacities from 140 
to 13,500 Ibs. ft. 


e Bore diameters from .500” 
to 6.000”. 


@ More torque for a given size 
and weight. 


Write for 
Formsprag Catalog 105B 


FORMS PRAG 
COMPANY 
23607 HOOVER ROAD, DEPT. 124 
WARREN (DETROIT), MICHIGAN 
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STANDARD PANEL METER 
4" x 6* size, 0-100 Milliamps 


VOLTS AC 457 
RMS ° 


EXPANDED SCALE AC VOLTMETER 
1 3%" Ruggedized and Sealed 


COMMERCIAL PANEL METERS 
Beta ray indicetor-4\4" 


NOW...THE RIGHT ANSWER 
TO YOUR METER PROBLEM 
HAS A CLEAN NEW LOOK! 


Here’s the clean, uncluttered look 
in meters—handsome appearance, 
sensible proportions. These 
meters are precision-built by 
Helipot—every one ruggedly 
constructed for lasting accuracy. 
All-metal frames, gasket sealed, 
steel movement enclosures, 

glass windows. 


Whatever your meter problem, 
you’ll find the right answer at 
Helipot ; nearly 600 standard models 
that can be readily customized for 
your application. For routine 
metering jobs or for the most unique 
ranges and purposes—custom scale 
plates, special expansions, special 
calibration accuracies, multiple 
range meters. You name it. 


You get faster service at Helipot. 
Standard models are shipped 
in 30 days, specials in only 45 days. 


And you get better, more convenient 
service. At Helipot, the smallest 
order receives the same considera- 
tion as the largest. And the entire 
job can be handled through your 
nearest Helipot Sales Engineering 
Representative. Call him or write 
directly to Helipot for more details. 
Your meter problems 

are as good as solved! 


Beckman INSTRUMENTS, INC. 


HELIPOT DIVISION 


Fullerton, California 
POTS : MOTORS : METERS 








GREAT HISTORICAL LEAKS 





A SEELSKREW" 


SEELSKREWS*, SEELBOLTS* and 
SEELRIVITS* are high-pressure, self- 
sealing, vibration-resistant fasteners 
for critical military and industrial ap- 
plications. They are dimensionally in- 
terchangeable with standard fasteners, 
and maintain tensile, torque and shear 
strength of standard non-sealing 
fasteners. 


We also make: 


HEXSEALS* 


Modular external seals that fit onto 
switches, potentiometers, circuit 
breakers and lighted push buttons. 





APM PRODUCTS MEET 
ALL APPLICABLE MIL SPECS. 











Our list of modular seals is just too long 
for this ad. Let us send you our Catalog 
No. 359B. 


*Trade Mark 


Write or call: MISS RIVA SOLINS 


APM HEXSEAL 
CORPORATION 
41 Honeck Street, Englewood, N. J. 
LOwell 9-5700 
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Miniature Clutches 


FOR INDEXING, 
OVER-RUNNING, 
BACKSTOPPING 


Two models offer high continuous 
over-running speeds (FS-02 to 
3450 rpm and FS-04 to 2400 rpm) 
and indexing rates up to 5,000 
cycles per minute—15% higher 
than previous models. 


@ Model FS-02 has 4.5 ft. Ibs. 
torque capacity with 250” bore 
and Model FS-04 has 17 ft. 
Ibs. with .375” or 500” bores— 
tops for their size and weight. 


Each sprag is individually en- 
ergized, insuring ultra-high per- 
formance. 


Gears, sprockets, etc. can be 
mounted to either outer race 
hub or to outside diameter of 
clutch. 


Write for Catalog 105B 


FORMSPRAG 
COMPANY 
23607 HOOVER ROAD, DEPT. 126 
WARREN (DETROIT), MICHIGAN 


Precision Power Transmission Products 
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| counter preset 
| Oilgear Co, 
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external resistors or potentiometer. 
May be turned on or off, before, dur- 


ing or after timing cycle, held off or | 


synchronized, permitting 
One series provides 


externally 
logical operation. 


100 ma output at rated voltage, the | 


Logitek, | 


other, 2 amp relay output. 
Inc. 54 Rome St, Farmingdale, NY. 
Circle 337 on Reader Service Card 


Fhp gear motor... 

develops to 30 lb-in. torque for con- 
tinuous duty, Powered by two-pole, 
shaded pole, unidirectional induction 
motor, which operates on 115 v, single 
phase, 60 cps, ac current. Available 
with braking, cooling and other spe- 


cial modifications. Merkle-Korff Gear | 


Co, 213 N Morgan St, Chicago 7. 


Circle 338 on Reader Service Card | 


| Potentiometers for heavy-duty ... 


control functions are oiltight, accomo- 
date single or multi-gang units and 
fit into NEMA, JIC or UL enclosures 


| or commercial control stations. Po- 
| tentiometer resistance, 2500 ohm, 1 w 
| at 65 C. Single-turn preset, 10-turn 


rotating dial reset, and 10-turn digit 
units are 
1570V 
Milwaukee 4, Wis. 


Circle 339 on Reader Service Card | 


Long stroke, rolling diaphragms. . . 
are designed to provide an effective 
pressure area that remains constant 
throughout stroke. Low pressure dia- 


| phragms made of Buna N, neoprene, 
| GR-S, butyl, silicone, Hypalon, poly- 
urethane, Viton or a fluorinated sili- | 


cone are available—also reinforced 
with such materials as Dacron, nylon, 
Teflon, glass fiber for high pressures. 
Diaphragm Industries, Inc., 102 Ron- 
toul St, Beverly, Mass. 

Circle 340 on Reader Service Card 


Vane-axial blower... 

is 2 in. dia, delivers 37 cfm at 1.5 in. 

H,O back pressure at 16,500 rpm, 

using 26 v dc. Housing and shroud are 
continued, page 151 
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TanOnaty SUPPORT 


LLLDELLLL Ly 





S 


Le] 
OavENn 
LOAD 


STATIONARY SUPPORT NOT 
BPPUED BY FORMSPRAG) 


Reverse Locking 
Clutches 


FOR POSITIVE 
LOAD POSITIONING 














}—] 

















Sketch above shows why the load 
““stays put”’ once the power source 
is stopped. Any possible motion of 
driven load is arrested by R-L 
clutch acting on the stationary 
support. 


e@ There is no backlash or feed- 
back torque in this high pre- 
cision device. 


Long life is assured by high 
efficiency sprags. 

Simplicity of design means 
minimum number of moving 
parts. 


Compact units for torque ca- 
pacities from 40 Ibs. in. to 
30,000 Ibs. in. 


Bores and shaft sizes range 
from 14” to 214". 


Write for 
RELL (reverse locking) literature 


FORMSPRAG 
COMPANY 


23607 HOOVER ROAD, DEPT. 127 
WARREN (DETROIT), MICHIGAN 
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Square 


foyer: 


CI O ...lmprove Product Quality! 


Type YH 
(External) PtP vied 


...Lower Production Costs! 


NATIONAL 


* RETAINI 


Call or write 
for catalog 
or ask for 
recommend - 
ations 

on specific 
applications 


OO 


: Type XRC 
Bar Ring (Round Closed) 


instruments and toys. 


The NATIONAL 


LOCK WASHER COMPANY 


MILWAUKEE 2, WISCONSIN 
NEWARK 5, NEW JERSEY 


NG RINGS 


Eliminate machining time and material waste resulting from 
cutting down shafts and housings to form shoulders. Using 
smaller shafts, grooved to accommodate economical NATIONAL 
Retaining Rings, accomplishes important cost reductions, speeds- 
up production, actually improves the product. Proven applica- 
tions range from heavy duty machinery to small tools, electronic 


Type ZH 
(Internal) 


Serving 
Industry 
Since 1886 
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GROMMETS 
...by the Millions 


Grommets for any conceivable 
industrial purpose from natural, 
all purpose (GR-S), Neoprene and 
Buna-N rubbers, 

Western grommets come in 
hundreds of standard sizes, and 
can be ordered in any formulation 
from molds already prepared. 

Western Rubber is fully equipped 
for production of either standard 
or custom designed grommets in 
any size, shape or volume. All are 
quality controlled and economical- 
ly produced to your specifications, 
Write or phone for in- 
formation or a visit by our 
sales engineer in your area. 


WESTERN RUBBER CO. 


GOSHEN 3, 
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MOLDED AND LATHE-CUT RUBBER 
PARTS FOR ALL INDUSTRIES 


AT 
WHAT YOU 
CAN DO WITH 
MODERN TORQ 
SPEED DETECTORS 


JET ENGINES 
In event of overspeed, automatic- 
ally actuate the control circuit. 
Torq speed switches for aircraft 
are temperature compensated, in- 
herently balanced and produced to 
required military specifications. 


SAW MILLS 
Automatically withdraw cutting 
blade due to overload for any 
reason. 


MACHINE TOOLS 


«xs _ Automatically brake and shift trans- 
mission at proper pre-determined 
speeds selected by push button. 


Automatically switch scale ranges 
where rotary speed is a function 
of the measurement. 


ELEVATORS 
—— ——n Cut in braking circuit if unit over. 


speeds, or falls below operating 
speed due to overload. 
£ 
Pad 


4 


GAS ENGINE GENERATOR SETS 
Automatically switch from cranking 
cycle and protect against overspeed. 


DIESEL ENGINES 


Switch out cranking motors, 

engage and disengage cooling 

circuit, supply varying fuel re- 
. Guirement, signal full speed. 


TRUCK REFRIGERATORS 


Maintain proper alternator output 
at all truck speeds by automatic 
shifting ofalternator transmission at 
pre-determined truck engine r.p.m. 


Torq speed detectors are small, snap- 

acting, rotary. centrifugal switches for 

actuating one or many circuits at one or 

more pre-determined speeds from 0 to 

15,000 r.p.m.— they operate on speed only, 
independently of all other con- 
ditions — can provide up to 3 
million cycles of uniform oper- 
ation at tolerances to % of 1% 
—are designed on a patented 
“friction-free” principle and 
are available in a wide range 
of sizes, models and operating 
characteristics to meet practic- 

Patents and =ally any application. 

Patents Pending : . 
Write or phone for additional data. 


T oO R ENGINEERED 
PRODUCTS, INC. 
60 WEST MONROE STREET * BEDFORD, OHIO, U.S.A. 


Phone: BEdford 2-4100 


CIRCLE 68 ON READER SERVICE CARD 








NEW COMPONENTS | 





black anodized aluminum castings. 
Weight 5 oz. Can be supplied for volt- 
ages up to 50 v dc. Max current is 
1.15 amp at free air delivery of 53 
cfm. Globe Industries, Inc, 1784 
Stanley Ave, Dayton 4, Ohio. 

Circle 341 on Reader Service Card 


Wound field dc or ac/dc motors... 
with continuous duty ratings of 1/9 hp 
at 800 rpm are supplied wound for 
series, split series, shunt or split shunt 
operation, to meet appropriate MIL 
specs. These motors can be obtained 
with braking, speed governing or re- 
duction gearing. Weight ranges from 
1.5 to 2.2 lb. Globe Industries, Inc, 
1784 Staniey Ave, Dayton 4, Ohio. 
Circle 342 on Reader Service Card 


Engraved dials .. . 
fabricated from 24 ST aluminum 
sheet are black anodized with white- 
lacquer-filled figures and characters. 
Available with 2 to 36° increments, 
14 to 4 in. dia. Sterling Instrument, 
Div Designatronics, Inc, 17 Matine- 
cock Ave, Port Washington, NY. 
Circle 343 on Reader Service Card 


Dec torque motors... 
can eliminate gear trains to provide 
direct drive in applications requiring 
very high order of angular resolution 
and/or response at the load. Torque 
capacities range from 20 to 350 oz-in. 
Immediate delivery in production 
quantities. Giannini Controls Corp, 
1600 S Mountain Ave, Duarte, Calif. 
Circle 344 on Reader Service Card 


Excessive flow check valve .. . 

was designed to shut off noxious, toxic 

or flammable lines in the event of fail- 

ure. With only two moving parts, can 

be designed to provide either complete 
continued, page 153 
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Look what happened when A. W. Haydon 
cesigned a new LABORATORY STOP CLOCK 


You just won't find these features in any other stop clock. This versatile timer-of-all-work 

was designed by engineers who understand timers and timing...and who needed a precise 

time reference in their own work. Timed outlet—energized whenever clock runs, sup- 

plies 115V, 60 CPS, 3 amp to time and control external loads simultaneously... manually 
or automatically. External Run Socket—for remote running, using a control cable 

manually or automatically (when wired into a system). Clutchless timing mechanism 

needs no warm-up, make-ready or pre-start. Synchronous motor starts and drives 

instantly. No power consumed except during timing and reset. Independent RUN and 

RESET buttons for manual, local control. Schematic diagram and control circuitry silk- 

screened on bottom of housing for ready reference. M@ Bench type precision stop clocks 

are available with optional remote control for manual or automatic running and/or reset- 

ting. Clocks operate on commercial 115V, 60 CPS power; accuracy is + 25 milliseconds 

= Low power drain: only 2 watts, timing. Sweep second scale calibrated 

in 10 millisecond increments; totalizer scale calibrated in sec- 

onds, up to 1 min. Sturdy instrument case requires only 414” 

square bench space. For complete specifications, write for 

Bulletin ET-702. Ask also about panel-mounting versions. 


oS AYDON 


COMPANY 


221 North Eim Street, Waterbury 20, Connecticut 
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The linear speed with which bearing balls roll 
along the raceways is an important factor 
affecting bearing life, running noise, vibration 
and lubrication requirements. If, in selecting a 
bearing, the fundamental specifications have 
been satisfied and there is still a choice of size, 
a logical selection would be the one with the 
lowest ball rolling speed. In the chart above, 
ball rolling distance (S)) x .00139 x bearing 
rpm = ball rolling speed in ft./sec. 


150-page Design and 
Purchasing Manual is 
the most comprehen- 
sive treatise on minia- 
ture and instrument 
ball bearings ever pub- 
lished. Qualified design 
and specifications en- 
gineers, and procure- 
ment specialists, are 
welcome to a copy. 





Jee 














7 


So-called “super duplex” bearings have two 
separable inner rings and a one-piece outer ring 
with two raceways which eliminates the possi- 
bility of angular or radial misalignment. Cherry- 
reamed ball pockets hold the balls firmly in the 
retainers when the inner rings are removed and 
make it possible to handle the outer ring, balls 
and retainer as a separate unit during installa- 
tion in instruments. 








To a precision miniature bearing, a speck of dirt 
seems like a rock. To prevent such contami- 
nation from doing serious damage in the race- 
ways, some form of environmental control is 
essential when handling or installing miniature 
or instrument ball bearings. One form is a 
“clean room”, essentially a dust-controlled 
room-within-a-room. Another is individual 
dust-controlled hoods. Work tables should have 
a smooth, non-contaminating surface such as 
Formica or stainless steel. 


\ 





fF 


Load ratings of NHBB bearings provide a quick 
method of estimating bearing life.* Using 
nomograph at right, a load or “C” rating of 100 
Ibs. for a bearing loaded radially with 10 Ibs.(P) 
could be expected to have a life(L) of 1,000 
million revolutions assuming temperature is not 
a factor and the lubricant employed is adequate. 
At 10,000 RPM, the life would be 1670 hours. 
The C values for the various types of New 
Hampshire bearings made of stainless steel 
(AISI 440C) are included in the bearing tables. 
The C value for chrome steel bearings is 
approximately 1.2 times the listed value, and 
the C value for beryllium copper bearings is 
approximately one third the listed value. 


For servomotor applications, it is necessary to 
use bearings of a low specified radial play in 
order to keep rotor shaft runout at a minimum. 
A radial play of .0002” — .0004” is commonly 
specified for such bearings. A side benefit is 
that low radial play will cause a maximum num- 
ber of balls to share the load which is nearly 
always radial. 


LOAD NOMOGRAPH 
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*Rating life of a group of apparently identical 
ball bearings is defined as the number of 
revolutions that 90% of the group will complete 
or exceed before the first evidence ef fatigue 
develops (approx. 1/5 of average life). 


NEW 


HAMPSHIRE / BALL BEARINGS, INC. 


PETERBOROUGH, N. H. 
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new 
sealed 
bearings 
from 
New 
Hampshire | 


Now you can protect the life and running | 


quality of New Hampshire bearings on 
applications where lubricants tend to work 
out and atmospheric contaminants tend to 
work in. 


The miniature and instrument bearings 
listed below are equipped with positive, 
contact-type seals which keep lubricant in 
and dirt out. 


OUTSIDE 
DIAMETER 
0000 


+. 

—.00015 
-1875 
-2500 
3125 
3125 
.3750 
.3750 
-5000 
5000 





BORE 
+ .0008 
—.00015 

0550 

.0781 


+.000 | BEARING 


NUMBER 
SRILL3 
SR1-4LL3 
SR1-5LL3 
SR2-5LL3 
SR2LL3 
SRIG66LL3 
SR3LL3 
SR188LL3 
SR4LL3 
SRI810LL3 








1406 
.1406 
1406 
1562 
.1250 
.1960 
1875 
.1960 
-1562 


























-5000 























Write for complete information 


NEW HAMPSHIRE 
BALL BEARINGS, INC. 
PETERBOROUGH, N. H. 
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NEW COMPONENTS 





closure or calibrated leak. In oper- 
ation, whenever rate of flow exceeds 
pre-determined fate, spring-loaded 
poppet valve shuts off. As soon as 
system returns to normal pressure, 
valve resets automatically. Chemiquip 
Co, 36 E 10th St, NY 3. 

Circle 345 on Reader Service Card 





Battery-powered sequence timer . . . 
runs on 4.5 v “A” battery timer for 8- | 
12 months. Accuracy is +10 sec/day | 
over 30 to 140 F temperature range, 
and is said to be unaffected by volt- 
age fluctuation. 15-jewel driving 
movement has shock-mounted pivot | 
shaft and single, double-throw switch 
is actuated by cam mounted on out- | 
put shaft. Cams are available with 1, | 
2, 3, 4 or 6 lobes which will actuate | 
switch as many times in either a 1-hr 
or 12-hr period. Price, $65 to $80, 
including any one cam. Switch closure | 
times are adjustable. Geodyne Corp, | 
180 Bear Hill Road, Waltham 54, 
Mass. 

Circle 346 on Reader Service Card 


| welding steel 


Geneva drives... 
have 3 to 24 indexing stations for 
shaft center distances of 3 to 6 in., in 
Y%4-in. increments. A variety of hub | 
and bore diameters are available. Steel | 
wheels are furnished with Meehanite | 
driving wheels. Genevamatic Engi- | 
neering Corp, PO BOX 10386, Tampa | 
9, Fla. 
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NEW MATERIALS 





Lacquer for aluminum .. . 
can be colored by a separate dipping 
to simulate gold, bronze, brass, copper 
to have successfully resisted over 400 
hr exposure to salt spray, 7 days ex- 
posure to fresh mortar. Lacquer air 
dries and can be applied by spraying 
or brushing. Schwartz Chemical Co, 
Inc, 50-01 Second St, Long Island 
City 1, NY. 

Circle 348 on Reader Service Card 


Spiral-wound fiberglass tubing . . . 
is based on epoxy resin said to have 
hydrostatic burst pressure of 30,000; 
tensile of 14,000 psi. Available in 
either smooth ground finish or clear 
dipped epoxy finish in 36 and 45-in. 
lengths, depending on type of tube. 
Standard dimensional ranges are: 
ID —"% in. min, 5 in. max; #& in. min 
wall thickness. National Vulcanized 
Fibre Co, 1061 Beech St, Wilmington, 


Del. 
Circle 349 on Reader Service Card 


Centrifugally molded fiberglass tube 
has tensile strength of more than 17,- 
000 psi, can handle pressures to 150 
psi, at temperatures of 165 F to 110 F 


| (to 500 F without pressure). Available 


in lengths of 3 to 7 ft, 6 to 28% in. 
dia. Wall thicknesses range up to 
% in. Made in assorted colors. 
Apex Fibre-glass Products Div, White 
Sewing Machine Corp, Washington 
and Elm St, Cleveland 13. 

Circle 350 on Reader Service Card 


Aluminum-clad low-carbon steel . . . 
in thicknesses to 0.100 in., widths to 
12 in. and with aluminum layer to 
50% of total thickness is used as an 
intermediate or transition material in 
and aluminum mem- 
Conventional welding 
methods and equipment are satis- 
factory and coated electrodes are 
suitable. Strength of clad metal bond 
is said to exceed that of solid metals 
themselves. Straight lengths or coils 
are available. Delivery, 3-4 wk. 
Metals & Controls Inc, Div Texas In- 
struments Inc, 34 Forest St, Attleboro, 
Mass. 


bers together. 


Circle 351 on Reader Service Card 


One-can polyurethane coating .. . 
system in hard or flexible versions is 
available in a variety of colors and 
finishes. Will cure either at room tem- 
perature or at baking temperatures. 
Standard methods of application are 
suitable. Hughson Chemical Co, Div 
Lorg Mfg Co, Erie, Penna. 

Circle 352 on Reader Service Card 
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MAYLINE 


AemeaiizElectric 
ace STABILIZERS 


"VOLTAGE. 
PROTECT THEMSELVES 
“AGAINST OVERLOAD! 


Adaptable 
Drafting 


Furniture! 


METAL PLAN FILE 





Mayline 5 Drawer Metal Plan File can be attached to a 
Mayline May-O-Matic drafting table. A file mounted on a 

















table gives 5 drawers extra of filing space. 


MAYLINE 
INIAVW 


No need to “fuse” the output 
circuit against overload when 
an Acme Electric Constant 
Voltage Stabilizer is part of the 
equipment. These stabilizers 
provide automatic protection 
against overload or short cir- 
cuit. When load current reaches 
a critical point in excess of 
normal operating load, the out- 
put voltage is reduced to zero. 
No voltage — no current. 


The May-O-Matic drafting table is entirely adjustable and 
counterbalanced. Has sliding reference top. Seven com- 
binations available. For complete details on both products 
ask your dealer for folders S-20 and S-23. 


MAYLINE COMPANY, 
Inc. 





607 No. Commerce St. 








Sheboygan, Wisconsin 





MAY-O-MATIC “E” COMBINATION 














MAYLINE 
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NYLON & 





4 


THERMO- 
PLASTIC 


Chart shows 
performance curves 
under various 
voltage inputs and 
current overload 
conditions. This 
current limiting is 
accomplished 
automatically. 





Economically mass 
produced on fully 
automatic eet 

GRC nylon parts 
are available from stock 

in many sizes and types. 
GRC uses single cavity 
techniques, molds in one 
automatic cycle, gets 
accurate, uniform parts. 














- 


HEX NUTS 


== NYLON SCREWS & NUTS 


GRC’s complete line of high quality, close toler- 


If you have ever observed the 
“quickness” of two cycles, 1/30 
second, then you'll appreciate 


These advantages, these 
economies, apply too, to 
tiny made-to-order parts to 
your specifications .. . 


the speed with which these stab- 
ilizers respond to a fluctuation in 
line voltage. 


Available in sizes from 15 to 2000 VA. Input voltage 
ranges 95/130, 190/260. Output voltages stabilized 
at 6.3, 120, 240 volts. Write for catalog 09-B01. 


ACME ELECTRIC CORPORATION 


6812 Water St. Cuba, N.Y. 
In Canada: Acme Electric Corp. Ltd., 50 Northline Rd., Toronto, Ont. 


SAA3515/1967 


Aeme «iz Fleetric ff 
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159 Beechwood Ave., 


in quantities of 25,000 to 
many millions 
bulletin descriting GRC’s 
unique met. od for injection 
molding small plastic 

parts or send prints for 
quotation. Ask about our 
zine alloy die castings, 

too! 


No size 
too small. 


Maximum: 
134” long 
—.05 oz. 


Write for '"; 


WIRE CLAMPS 


ance molded nylon screws and hex nuts include 
screws in standard commercial heads—Phillips 


or slotted types—in sizes from =4 thru '4”; hex 
nuts in ten sizes (22 thru 5/16”) GRC molded 
nylon miniature machine screws——half the weight 
of aluminum—in sizes as small as +O—make 
more compact designs possible GRC’s single 
cavity molding technique adds exceptional uni- 
formity, accuracy, economy to nylon’s high 
Strength-to-weight ratio, built-in electrical insa- 
lating qualities, stability, resilience and elasti- 
city. GRC’s molded fasteners are available in 
Nylon or Delrin in a wide range of types, sizes 
and lengths. 


Write for samples, 
prices and GRC'< 
New Detailed Indus- 
trial Fastener Cata- 
log. 


GRIES REPRODUCER CORP. 


World’s Foremost Producer of Small Die Castings 


New Rochelle, N. Y. 


(914) NEw Rochelle 3-8600 
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REPRINTS 





The following special reports are avail- 
able as long as the supply lasts—from 
Reader Service Dept., Product Engineer- 
ing, 330 W 42nd St, New York 36. 
Please enclose remittance; we pay postage. 


Rolling-element Bearings $2 
Ball, roller and thrust bearings—their se- 
lection, test and analysis of their failures, 
64 p. 


Design with Steel $2 
Latest design data for a wide range of 


steels and alloys for high strength and | 


high temperature, 64 p. 


The New Mathematics $2 
Combined reprint of 18 articles with cov- 
erage in depth of the latest math tools of 
systems engineering, 64 p. 


Wk’ and Motor Selection $2 
How to calculate rotational inertia and 
what it means in duty-cycle selection of 
motors and drives, 64 p. 


Engineering Models $2 
Working prototypes as well as 3-D 
“sketches”; here’s how to design and make 
them, 64 p. 


Shortcuts for Longhand Computation $2 
How to get the most from your sliderule. 
How to design nomographs. What’s avail- 
able in tabled data, 64 p. 


Patent Problems $1.50 
Review of Patent Office procedure and 
discussion of American and foreign laws 
and how they affect inventors, 48 p. 


Human Engineering $1.50 
Series of 14 articles with design data on 
man-machine problems and human di- 
mensions, plus bibliography, 44 p. 


Creativity $1 
Combined reprint of 10 articles on the 
facts behind the fad, 32 p. 


Reading, Writing, Reporting $1 
Combined reprint of 5 steps to faster 
reading; 8 steps to better writing; 7 steps 
to better reporting, 24 p. 


Why Don’t They R & D? $1 
Here are 200 ideas for new inventions not 
now on the market, 64 p. 


9 Lectures on Mechanisms $1 
How linkages and springs may be de- 
signed to balance loads, transmit forces, 
feed parts, 24 p. 


Manual of Reliability 50¢ 
How to design for reliability, human fac- 
tors, statistical tools; implementing the 
programs, 32 p. 


MICRO-PROCESSED FOR 
RELIABILITY 


COMPLETE 


@ Excellent Electrical 


Characteristics 


@ Precision Accuracy 
@ Freedom from Fatigue 
@ High Efficiency at 


Elevated Temperatures 


@ Corrosion Resistance 
@ Uniform Quality 


Request your copy 
of the I-S catalog 
on beryllium cop- 
per compression 
springs, flat 
springs, strip 
springs, contact 
strips, contact 
rings and screw 
machine parts. 
Send drawings 
and specifications 
for quotations on 
your specific re- 
quirements. 














~~ INSTRUMENT SPECIALTIES 
co - INC 


234 Bergen Bivd., Little Falls, N. J. 


Telephone: CLifford 6-3 
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Increase 
Dependability 
of Your 
Miniature 
Sockets and 
Terminal 
Boards 








1-S Beryllium Copper contacts provide 
important advantages both electrically 
and mechanically. They offer designers 
and engineers the increased reliability 
required for today’s most critical appli- 
cations. Custom made contact springs 
of the types illustrated are produced eco- 
nomically in large quantities by means 
of automatic tooling. |-S engineers are 
available to help work out your contact 
problems and will gladly make recom- 
mendations on receipt of your applica- 
tion data; no obligations. we 


- PROCESSED” 


BERViLKUM COPPER 
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G-E LEXAN* POLYCARB 


STRENGTH LEXAN slider for 4-pole 
switch is 20% glass-filled. The material 
withstands high impact forces and its 
flexural modulus is over 1 million psi. 
Used in rocket sled tests, the filled resin 
is relatively independent of heat, aging 
and most environments. It has high melt 
temperature and excellent electricals. 
(Atlas Chemical Industries) 


} 
} 
L 4 


IMPROVED FABRICATION. Formerly 
made of brass, blower couplings for 
radar unit are now inexpensively vac- 
uum-formed of LEXAN resin, allowing 
considerable savings in machining costs. 
Couplings of polycarbonate resin are 
tough, flame-resistant, give smoother 
air flow than before. They withstand 
cycling from —54°C to +54°C under 
humid conditions. (General Electric) 


= 


GOOD ELECTRICALS. Microminiature 
connector contains up to 20% more 
contacts in the same space, thanks to 
dimensional stability and good electrical 
properties of LEXAN resin. Self-extin- 
guishing, the material provides low loss, 
good insulation resistance and a dielec- 
tric constant and power factor which 
are virtually independent of tempera- 
ture. (Amphenol-Borg Electronics Corp.) 





DESIGN LITERATURE 





Spring design and application 

N P CHIRONIS, Assoc Editor, Product 
Engineering. McGraw-Hill Book Co, Inc, 
330 W 42nd St, New York 36, NY. 8% 
x 11, 348 pp. $9.50. 

This manual includes spring design 
data, equations, and theory containing 
material prepared by more than a hun- 
dred authorities on the subject, it 
covers a variety of spring types, static 
and dynamic design considerations, 
materials, and applications of springs 
to machines and components. 

Comprised of articles carefully se- 
lected from PRODUCT ENGINEERING- 
ING and edited by Assoc Editor N P 
Chironis, the book brings together in- 
formation necessary for designing and 
applying springs. It presents theory 
that leads to useful design equations, 
design details, charts, and nomo- 
graphs, and, in the case of spring ap- 
plications, to specific design details. 
Many of the articles present impor- 
tant concepts and frequently include 
current refinements in methods. In- 
troduced are such recent developments 
as constant-force and  multi-rate 
springs; ceramic, glass fiber, and plas- 
tic springs; air and liquid springs; 


156 


Belleville and ring springs; flat-curved 
springs; flexure pivots; spring clutches; 
and spring belting. 

Many current problems are dis- 
cussed in detail, few of which have 
been covered previously in a single 
volume. These include spring buckl- 
ing and unseating, surge waves, dimen- 
sional analysis of springs, spring 
tangling, designing for minimum 
fatigue and residual stresses, relaxa- 
tion, creep, high-temperature con- 
siderations, shock, costs, manufacture 
and testing, fastening and adjusting 
methods, designing for linkage balanc- 
ing, overload protection, and shock 
absorption. 

Numerous detailed charts and dia- 
grams help clarify important points 
and help provide a clearer under- 
standing of the technical material 
presented. 

An excellent working guide, this 
manual will help to select the spring 
type best suited for a particular ap- 
plication, and to overcome the variety 
of problems that face the mechanical 
engineer daily. It can also be a con- 
Stant source of new ideas to product 
engineers. 


Shock and vibration in linear 
systems 

PAUL A CRAFTON. Harper & Broth- 
ers, 49 E 33rd St, New York 16. 6% x 
914, 415 pp. $10.00. 

Based on an undergraduate course 
given to seniors over the past several 
years, this book approaches the sub- 
ject of shock and vibration from the 
modern viewpoint of engineering 
science rather than that of technology. 
It presents a unified analytical and 
theoretical treatment, making full use 
of the operational calculus of the La- 
place transform, transfer functions, 
mechanical impedances, and mechani- 
cal circuits. It deals fully with transi- 
ent and steady-state phenomena, with 
no primary emphasis on the latter. No 
mathematical preparation beyond ele- 
mentary differential equations is 
assumed. 


Mechanics 

KEITH R SYMON, Univ. of Wis. Ad- 
dison-Wesley Publishing Co Inc, Read- 
ing, Mass. 6 x 9, 557 pp. $10.75 


A textbook for an advanced under- 
graduate course in mechanics which 
provides a foundation for advanced 
courses in physics. The choice of 
topics and their treatment emphasize 
the modern point of view; applications 
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es 

HEAT RESISTANCE. Because LEXAN 
resin can be painted with wear resistant 
high-temperature bake finishes, it was 
chosen to replace zinc die castings for 
auto radio pushbuttons. Base and top 
coats of these vacuum-metalized parts 
are baked at 265°F. Buttons are eco- 
nomically injection molded and light in 
weight . . . make a tight fit on the metal 
stake. (Motorola, Inc.) 


to atomic physics are made wherever 
possible. 

Topics covered are: Newtonian 
mechanics; particle in one, two or 
three dimensions; motion of a system 
of particles; rigid bodies; gravitation; 
moving coordinate systems; mechanics 
of continuous media; Lagrange’s equa- 
tions; tensor algebra, inertia and stress 
tensors; rotation of a rigid body; and 
theory of small vibrations. 


ABSTRACTS 





What do you know about moduli? 
The various expressions of modulus 
in materials and mechanical systems 
are discussed, as a guide to further 
study and for the purpose of simpli- 
fying calculations. 
“What Do You Know About Moduli?” 
Design Engineering, Oct 1961, 481 Uni- 
versity Ave, Toronto 2, Canada. 


Pipe and tube strengths 

Performance of pipes and tubes carry- 
ing internal pressure is directly and 
simply related to the maximum per- 
missible material stress and pipe ge- 
ometry. Material stress is tempera- 
ture dependent in the case of non- 


RESI 


‘ smal 


TRANSPARENCY. Face-glass of this 
pressure gauge is molded of LEXAN 102 
— a new, virtually water-white grade of 
resin. The instrument uses a gray LEXAN 
back-plate. Transparent LEXAN resin is 
shock- and heat-resistant . . . replaces 
glass. The opaque plastic replaces steel 
or brass. The two injection molded shells 








form a strong, good looking case. 


(United States Gauge) 


ferrous metal tubes and plastic tubes. 
In the latter materials, glass-reinforced 
pipes offer a comparable performance 
to buttwelded mild steel. 

“Pipe and Tube Strengths in Different 
Materials,” Mechanical World and En- 
gineering Record, Sep 1961, Mechanical 
World, 31 King St W, Manchester 3, 
London. 


Dynamic balance of 
initially bent shafts 

Applies Jeffcott’s theory to the 
treatment of shafts with permanent 
static flexural distortion. Also dis- 
cusses influence of locality of action 
of viscous damping. 
“Dynamic Balance of Initially Bent 
Shafts,” by J. Morris. Mechanical World, 
Oct 1961, 31 King Street West, Man- 
chester 3, England. 


Vibration of beams 

Rayleigh equations are given for cal- 
culating fundamental frequency of 
bending vibration of a heavy beam 
with and without concentrated loads. 
“Vibration of Beams in Bending,” W. 
Carnegie, head of the department of civil 
and mechanical engineering, Battersea 
College of Advanced Technology, Engi- 
neering Materials and Design, Oct 1961, 
Heywood & Company Ltd, Drury House, 
Russell St, London, WC2. 
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THE MOST VERSATILE OF 
THE TOUGH THERMOPLASTICS 


LOOKING FOR THAT EXTRA MARGIN 
OF DESIGN FREEDOM? 


With LEXAN resin you can take 
down many of the old “proceed with 
caution” signs. Here is a material 
with outstanding impact strength! 
It is metal-like in mechanical prop- 
erties: strong, hard, stiff, machine- 
able — yet malleable (can be cold 
formed) ! It is dimensionally stable, 
not only under impact or suddenly 
applied loads, but also at high tem- 
peratures and upon immersion in 
water. And LEXAN resin makes 
handsome products — smooth, trans- 
parent or opaque, colorful. A re- 
markable thermoplastic! 

Don’t overlook the design oppor- 
tunities opened up by LEXAN resin. 
Send today for details on price, prop- 
erties, applications and G-E’s tech- 
nical assistance program. Write to: 
General Electric, Chemical Materials 
Department. Section PE-12-1, Pitts- 
field, Mass. 


LEXAN’ 


Polycarbonate Resin 


ELECTRIC 


CIRCLE 157 ON READER SERVICE CARD 


CATALOGS 
AND BULLETINS 


To obtain copies of literature described be- 
low, circle corresponding number on post- 
card inside back cover. For those catalogs 
and bulletins available only when requested 
on company letterhead, see page 175. 





UNIVERSAL JOINTS—Bulletin 513, 
6 pp. Describes performance charac- 
teristics for heavy-duty applications. 
Covers four sizes with torque capaci- 
ties ranging from 4,250 to 12,700 Ibs.- 
ft. Dimension drawings included. 
Twin Disc Clutch Co, Hydraulics 
Div, Rockford, III. 

Circle 360 on Reader Service Card 


METER-RELAYS—Bulletin 5, 23 pp. 
Includes operating features and stand- 
ard circuits for continuous reading 
meter-relay, which requires no reset. 
Also covers isolated coils, double lock- 
ing coils, response time and damping, 
overload protection and control com- 
ponents used. Specifications and di- 
mensions are reviewed. Assembly 
Products Inc, Chesterland, Ohio. 
Circle 361 on Reader Service Card 


VINYL SHEETING—Booklet, 4 pp. 
Gives complete physical properties 
continued, page 159 
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PROBLEM: General Hardware, Inc. required a 


small number of die cast tubing cutters to prove out 
their new design and provide trade show working 
models before ordering production die castings. 


so LUTI Oo N:*ppcs * Prototype Die Casting Service ... 


A Newton-New Haven developed process which pro- 
vided the needed number of die castings without 
incurring the cost of permanent tooling charges re- 
quired by produc- 
tion die casting. 


This 2 part Proto- 
type Die Casting 
looks, feels, fin- 
ishes and performs 
like a production 


Model “P” Parallel Index {> casting and was pre- 
Drives as used in Type VI 7? | vided in small quan- 


tities, at a fraction of 
Automatic Capper and r | ’ 
Closure Machines er the cost of produc- 


manufactured by tion die castings. 


EKCO-ALCOA 
CONTAINERS 


Avoid costly design errors...from your prints, models, 
sketches or ideas, if part of your product is to be a die casting 
... start with PDCS. 


Write today for free booklet... PDCS... Prelude to Production 


NEWTON-NEW HAVEN COMPANY 


760 THIRD AVE. 
WEST HAVEN, CONN. 
Custom Producers (NEWTON 

of Die Castings EW HAVE 





Model “C”’ Index Drives as 





used in Bacon Wrapper and CIRCLE 71 ON READER SERVICE CARD 


Packaging machines 

manufactured by THIELE 
PACKAGING MACHINERY 
COMPANY. Division of 
Stainless & Steel 

Products Co. for 

Container 

Corporation 

of America. 


Long-haul dependability, a built-in characteristic of CCMCO 
Index Drives results from such features as: 

© accuracy of index to .001” on 6” radius © pre-loaded cam 
followers providing zero backlash © exclusive machine ground 
cam track for smoother, jerk-free operation © consistent accu- 
racy within .001” from centerline to centerline in the input 


and output shafts. Z ~ ® 
| conpicte ond os @ Wide choice...and fast service! 


formative literature 


ween cee~ and engineering data ' 
% available upon re- Spraco has the most complete line of nozzles available any- 


. quest. Send for it where — and all from stock. Full cone — hollow cone — § as 
o- ¥ wag today. flat spray. Bronze, cast iron, or stainless. Capacities from VA 
i~_S oe : Yg pint/min. to 4,000 gal. /min. 
Do. a | 


‘Qin e Spray’s new nozzle catalog is more than a catalog — Btaerwvate 





- ‘ it’s a reference book. Write today for your free copy. 
(i? €, SPRAY ENGINEERING 133 Cambridge Street, Burlington, Mass. * NOZZLES 


COMMERCIAL CAM 
& MACHINE CoO. 


455 N. Artesian Ave @ Chicago 12, Ill 


Established 1931 
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DESIGN LITERATURE 





as information on fabrication, cement- | 
ing, vacuum forming and lamination. | N 300% 
Also lists the general properties for OW you can save 0 
rigid vinyl and discusses its wide s « 
range of applications. Nixon-Baldwin t y 
Chemicals Inc, Nixon, NJ. in inven or 

Circle 362 on Reader Service Card 


ith the NEW PARCO 
INSERTION OF NYLON PELLETS wi € 

—Brochure, 4 pp. Details contract 

service for inserting locking pellets SILICONE COMPOUNDS 


into all types of nuts and press fit 


parts. Contains diagrams and data 
covering standard threaded part proc- CON FO R M I N 


essing and reviews design features. 


Nylok-Detroit, 1893 Barrett Rd, Troy, 4 D 
Mich. a 


Circle 363 on Reader Service Card 


t 
and chemical resistance tables as well | 
} 
| 


SYNCHRONOUS MOTORS—Bulle- 
tin GEA-7332, 2 pp. Reviews per- 
formance characteristics and describes 
features of synchronous reluctance 
motors, rated 1-5 hp, 220/440 v, 
three-phase, 60 cps. Contains consoli- 
dated rating and performance chart 
with dimension diagrams. Cutaway 
illustrates construction. General 
Electric Co, Schenectady 5, NY. 
Circle 364 on Reader Service Card 








FLUOROSILICONE LUBRICANTS 
—Bulletin 15-200, 15-201, 15-202, 4, 
2 and 2 pp each. Discusses properties 
of these lubricants as fluids, com- Parco’s new silicone ries 
pounds and greases. Suggests applica- eogenen agen se 
tions for these fuel and chemical-re- critical missile programs. 
sistant materials. Performance charts 
and graphs give lubricity, insolubility 
and temperature range. Dow Corning 
Corp, Midland, Mich. 

Circle 365 on Reader Service Card 


PARCO engineers and chemists have developed a new 
series of compounds which eliminate ordering confusion. 


600, 4 pp. Includes specifications for Specification MIL-R-5847D calls for 5 classes with 24 subordinate 


ELECTRIC HEATERS — Bulletin 


rade compounds. Parco engineers, recognizing the need for stan- 
sone gana Lo a and —— y sear the wang developed nthe. compounds which permit each of the 
gested applications for immersion, 5 class compounds to fulfill 21 of the subordinate grade compound 
cartridge, strip, tubular and infra-red requirements. The 300% reduction in customer-stocked inventory 
units. Also contains accessory items as well as quantity discount cash savings has resulted in an overall 
with single and dual temperature con- increase in stocking, ordering and servicing efficiency. 
trols, simple snap switches, and ad- PRESSURIZED AND DUST CONTROLLED ENVIRONMENT assures 
justable thermostats. Heatrex Inc, complete conformity to specifications no matter how close the 
Meadville, Pa. tolerance...or demanding the requirement. 
Circle 366 on Reader Service Card 
PARCO ENGINEERS AND DESIGN LIBRARY 


-/—w .t > ... provide a unique source of engineering 
WIRE CLOTH—Catalog R-100, 28 | Rah knowledge for problem areas you may be 


pp. Contains description of weave | >» | investigating. Check with Parco first! Parco 
types, mesh size vs open area tables, | »-», May have the solution. 

weight listings, application principles, 
and guides to the selection of proper - = 
metals and protective coatings. Na- Ze Send for your latest Parco Slide Rule 
tional-Standard Company Dept RDT 7 featuring groove dimensign tables and 
Niles, Mich ‘ ‘ ' . conversions for AN and MS numbers 

iles, ’ 4 


Circle 367 on Reader Service Card 


ELECTRO-MECHANICAL COM- PLASTIC AND RUBBER PRODUCTS COMPANY 


PONENTS—Catalog 100, 140 pp. 2100 Hyde Park Blvd., Los Angeles 47, California * AX 5-4331 
continued, page 161 
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CUT YOUR 
INDICATOR LIGHT 
COSTS! 


Use G-E Glow Lamps 


with resistor attached t 











You may be paying more than you should for your indicator 
lights if you’re using anything but General Electric glow lamps 
with the resistor attached. The popular NE-2H and NE-2E, 
for instance, in large quantities, cost less than seven cents 
apiece including the resistor. 

Low cost isn’t the only reason why G-E glow lamps make 
ideal indicator lamps. They have tremendously long life. Up 
to 25,000 hours. If you were using one on a coffee pot, that 
would be about 1,500,900 cups of coffee. 

Other big advantages of G-E glow lamps are their rugged 
construction, small size (shown actual size above) and low 
power consumption. They run on line voltage with no trans- 
former required and use only a small fraction of a watt. A 
word to the wise: if you’re designing appliances, business 
machines or military hardware, get the story on General 
Electric glow lamps as indicators. There are over 60. Write: 
General Electric Co., Miniature Lamp Dept. M-145, Nela 
Park, Cleveland 12, Ohio. 


Progress /s Our Most Important Product 


cup 
, PACKINGS 


RULON’S “Plastic Memory” 
Means Tighter Seals... 
Lower Costs 


RULON (reinferced TFE) parts 
post-formed from tape are ideal for 
seals, packings, rings, etc. because 
they exhibit no stick-slip and greatly 
seen a torque. And unlike 
rubber or leather, 
' RULON takes any 

| hydraulic fluid - and 

ts plastic memory 

insures positive con- 

tact with shafts or 

cylinder walls. Parts 

» have infinite shelf 

> life, too — completely 

» unaffected by 

weather, light or heat. 

Dixon's self-lubri- 

cating RULON gives 

your sealing applica- 

tions all the advans 

tages of Teflon — low, 

friction, chemical in- 

ertness, zero mois¢- 

ture absorption, ex- 

treme temperature 


range (— 400 to +500°F) — PLUS 


a tremendous increase in mechanical 
strength and wear resistance. 

Next time, look at your design 
with RULON in mind. This mate- 
rial is now available with improved 
sealing action and at costs competi- 
tive with leather and rubber. For 
complete data on stamped or posts 
formed parts . . . special reinforced 
fluorocarbons for special needs... 
and a wide selection of basic shapes 
in both RULON and Teflon... 
see our Catalog in 
Sweet’s Product 
Design File, or write 
for Brochure #9572. 
DIXON CORPO- 
RATION, 103 
BURNSIDE ST., 
BRISTOL, R. I. 


# DuPont T.M. 





GENERAL @@ ELECTRIC 
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DESIGN LITERATURE 





Outlines specifications and dimensions 
of such items as precision gears, mag- 


netic clutches and brakes, differentials, | 
couplings, gear heads, limit stops, REMOTE CONTROLLED 
bearings and electronic hardware. | 
Price charts and dimension drawings | Cc L U TC H 
are given. Also reviews design, per- | AND HYDRAULIC PUMP 
formance and mechanical properties | ’ 
of each unit. Siamco, Div of Tech- | 
Ohm Electronics, Inc, LI, NY. ' 

Circle 368 on Reader Service Card 
PRECISION MOTORS—Catalog, ap- 
prox 25 pp. Describes and illustrates 
25 AC and DC precision motors avail- 
able in a complete range of sizes from | — 
.001 to 7.5 hp. Also includes design 
features, complete specifications con- 
sisting of input and output voltage, Inexpensive, dependable hydraulic cir 
size and weight and insulation data. cuit control for mobile equipment 
Application data, performance curves ELIMINATES NEED FOR PTO 
and engineering drawings are given. 


° A : e Desi d for belt, c di driv 
Eicor Div, Indiana General Corp, 517 vines oie salen las clpelice nee apel 
W Walnut St, Oglesby, Ill. 

Circle 369 on Reader Service Card 


Engagement speeds from idle to 
2200 RPM (no load speeds) 
Flow rate: 1.7 to 26 GPM 


FLEXIBLE METAL HOSE—Bulle- H. P. output: % to 30 H. P. 


tin 15-E, 6 pp. Describes interlocked 
pressure hose for loading, unloading | 
and conveying steam, oil, tar and | ey}, F 
asphalt. Also contains charts showing 

specifications, working pressure cor- HYORAULICS = 


rection factors and typical assemblies | write FOR NEW CATALOG CORINTH 1, MISSISSIPPI 
that are available. Atlantic Metal gents) Renae : 

















Hose Co, Inc, 308 Dyckman St, New 3 


York 34. ] 
Circle 370 on Reader Service Card su MP 

MULTI-CIRCUIT SWITCHES—Bul- tow 

letins 6130 and 6131, 4 pp each. De- | 

scribes design, characteristics and 

application of monoplanar selector 


switches based on flat printed circuits 
and linear drive mechanisms. Ucinite save time, money and space 
Co, Div United-Carr Fastener Corp, 


Newtonville 60, Mass. TWO ELEMENTS INSTEAD OF ONE 
Circle 371 on Reader Service Card 





- e Two to three times the filter area 
a for twice the filter life—even 
BIMETAL THERMOMETERS — | more 
Catalog 09-100, 16 pp. Discusses de- | e Less downtime for cleaning 
sign, performance characteristics and e Lower unit area cost 
specifications of approximately 10 . ¢ 5 GPM to 50 GPM capacities 
thermometers, according to ranges, | © 149 minsem pasticie vetention 
sizes, and types. For use in alarm and | (10 to 238 micron on order) 
control systems, maximum-minimum | e Monel element (standard) 
indication and other uses. Weston In- o Mag ficld and/or guard 
struments Div, Daystrom Inc, 614 | optional 
Frelinghuysen Ave, Newark 14, NJ. 


Circle 372 on Reader Service Card Precision weavers for over 100 years. 
Millions of Michigan strainers in use. 





LAMINATED PLASTICS — 1962 


Condensed catalog, 8 pp. Reviews M l C H I GAN 
standard laminated plastics, rein- 
forced plastics, copper-clad laminates, 7 WwW ' RE C LOT of 


vulcanized fibre and filament-wound . phi 
structures. Also lists suggested ap- COMPANY 

plications, corresponding NEMA 2118 Howerd St. + Detreit 16, Michigan 
grades, military specification, color, 


continued, page 163 | RR Eh ONE A So Ae — 
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LIMA 


~ Selectro-Shift 


20HP 25HP 30HP 40HP 


with 
REMOTE CONTROL PANEL 
6 or 3 speed 
incorporates gear sets... 
no belts! 
hydraulic clutches activated 
by electric solenoids. 
can be shifted to any of 
six speeds 
while running under full load! 
forward or reverse drive. 
for additional information, write: 


Darrel Bryan 
general sales manager 








This unusual cord set, introduced and patented by Miller 
Electric, is imaginatively designed to make removal from any 
outlet easy. And it discourages “wire yanking” habits that may 
cause failures in ordinary plugs. 


A Miller Finger Pull Plug with unlimited color-co-ordinating 
possibilities makes any product more functional, more attrac- 
tive, and effectively displays your trademark, too. 


Whether you select from the industry's largest line of stock 
vinyl cord set components, or require one with custom designed 
parts, it may cost no more for Miller to give your product a 
plug... with pull! ‘ 
Write for free Design Digest 


S| a Se 2 oe 8 SS oe gf il om oor 


120 Main Street «+ Pawtucket, R. |. 
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oo 

ite 

Stina a 
ELECTRIC MOTORS (1 thru 200HP NEMA) 
GEARSHIFT DRIVES 
VARIABLE SPEED DRIVES 
GEARMOTORS 
STRAIGHT LINE REDUCERS 
SHAFT MOUNT REDUCERS 
GENERATORS 
GEAR REDUCERS 
GREEN SEAL MOTORS 


Unconditionally 
Warranted 








Bn le ra one i lem, [eoege). a elem), [om 


LIMA,, OHIO 
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-DO YOU NEED 


a low-cost source 
of metal fabricating? 


Three large, well equipped plants at Aurora, 
Ill., York, Pa. and Los Angeles geared to 
economical production. Experienced in 
handling thousands of special items .. . 
products, parts, sub-assemblies, merchan- 
dising units, made to 

your specifications. 
Modern equipment 
includes coil steel slit- 
ting, leveling and 
edging, press work, all 
| types of welding, elec- 
in trostatic finishing. 
SHEET METAL | Sound design and en- 

PRODUCTION | gineering counsel. 


: Send for16-Page Booklet 
| it tells All! 


LYON METAL PRODUCTS, INC. 


General Offices,1282 Monroe Avenue, Aurora, Illinois 
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How To Get Things Done 


Better And Faster 


BOARDMASTER VISUAL CONTROL 


xv Gives Graphic Picture—Saves Time, Saves 
Money, Prevents Errors 

yx Simple to operate—Type or Write on 
Cards, Snap in Grooves 

vv ideal for Production, Traffic, 
Scheduling, Sales, Etc. 

vx Made of Metal. Compact and Attractive. 
Over 500,000 in Use. 


Full price $4950 with cards 
. Je 
Write for Your Copy Today 
GRAPHIC SYSTEMS 


YANCEYVILLE, NORTH CAROLINA 
CIRCLE 77 ON READER SERVICE CARD 


Inventory 

















ZERO BACKLASH GUARANTEED 


with 
MINI-JOINTS 


available as 
SINGLE, DOUBLE and TELESCOPING 
DOUBLE UNIVERSAL JOINTS 














SINGLE MINI-JOINTS 
FEATURES 


® Zero Backlash ®@ Preloaded Ball 
® Sealed-in Lubrication Assembly 
@ 30° Operating Angle ®@ Stainless Steel 


SIZES IN STOCK 





| | Torque Price 
Body |Length In. Oz. 1-4 pcs. 
3/16 | 1-1/32 16 5.50 


16 5.90 


Part 


No. Bore 


BS | SOLID 
3/16 | 1-1/32 


1-1/32| 16 | 5.90 


1-3/8 | 64 | 5.75_ 
9/32 |1-3/8 | 64 | 5.75 
2188 | 3/8 | 1-3/4 | 256 | 5.75 


| 3/8 | 8-2 256 | 5.75 


3/16 
9/32 


6BS | .250 | 3/8 | 1-3/4 














Immediate delivery on all items from stock 
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DESIGN LITERATURE 


forms and sizes in which 25 of the 


most common grades are furnished. | 


Contains tables outlining physical, 

mechanical, and electrical properties. 

Taylor Fibre Co, Norristown, Pa. 
Circle 373 on Reader Service Card 


FOOTSWITCHES—Catalog 62, 8 pp. 
Describes power footswitches consist- 
ing of light and heavy-duty construc- 
tion with momentary and maintained 


contact plus rockertype actuation with 


a mechanical interlock between cir- 
cuits. Linemaster Switch Corp, 432 
Woodstock Terrace, Woodstock, 
Conn. 

Circle 374 on Reader Service Card 


HEAT RESISTANCE — Brochure, 
approx 9 pp. Covers process of deeply 
diffusing aluminum into steel to form 
an iron-aluminum protective alloy 
which will increase life of the steel, 
under heat, from 10 to 20 times. Per- 
formance characteristics and physical 
properties are reviewed and compara- 
tive bar charts show results of oxida- 
tion tests at elevated temperatures. 
Alon Processing Inc, Pittsburgh, Pa. 
Circle 375 on Reader Service Card 


NON-FERROUS ALLOYS— Bul- 
letin 100, 4 pp. Outlined on master 
chart are 40 non-ferrous alloys which 
are reviewed according to nominal 
chemical compositions, mechanical 
properties and governmental and 
society specifications. Wisconsin Cen- 
trifugal Foundry, 905 E St Paul Ave, 
Waukesha, Wis. 

Circle 376 on Reader Service Card 


PISTON PUMPS & MOTORS—Bu!- 
letin 61-81, 2 pp. Covers heavy-duty 
units available with fixed or variable 
displacement. Provides application 
data and standard control and includes 
curves showing typical performance 
characteristics. Vickers Inc, Div 
Sperry Rand Corp, Detroit 32. 
Circle 377 on Reader Service Card 


VALVE SIZING—Technical Paper, 
4 pp. Discusses undersized, oversized 
and correctly sized pressure-reducing 
applications. Also gives illustrations 
showing advantages of correct sizing 
along with normal, minimum and max- 
imum flow capacity. Jordan Valve, Div 


Richards Industries, Inc, 6013 Wiehe 


Rd, Cincinnati 37, Ohio. 
Circle 378 on Reader Service Card 


FLUID & RFI SEAL—Data sheet. 
Describes gasket and seal material 
consisting of knitted wire-mesh radio 
frequency interference shield integral 
with adhesive-backed sponge neoprene 

continued, page 165 
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+ 


be we* 


"es 


ROTATES WITH 


IN MECHANICAL SEALING 


because Dura Seal is backed by 25 years of experience — because Dura Seal is supported by contin- 


vous research for meeting modern processing demands — because Dura Seal is engineered to meet 


your specific operating conditions — because Dura Seal is nationally sold and serviced. 


“THE ENGINEERED MECHANICAL SEAL” 


For Free Engineering Counsel on Your Sealing Problems, write DURAMETALLIC CORP., Kalamazoo, Michigan 
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Specify 
Air Power! 


STOCKED FOR 
IMMEDIATE 
SHIPMENT 


Use variable-speed, explosion-proof 


GAST AIR MOTORS | 


Need a compact, low-cost motor for original equipment 
or plant use applications? Air may be your answer... 
using one of these efficient Gast rotary-vane Air Motors. 
Look at the special advantages they offer you: 


They're explosion-proof — no sparks, no danger! 
Low initial cost compared to other motors. 

Speed variable with simple valve control. 

Can't burn out if overloaded or stalled. 
Reversible rotation optional on some models. 
Rotor vanes take up their own wear. 

Quickly attached to plant air lines. 

Amazingly light, compact for h.p. delivered. 
Ball-bearing; almost service-free design. 

10. Mechanically simple, neat in appearance. 


PSM PY ae LS 


+) 


Gast Air Motors are supplied as original equipment on 
pneumatic hoists, mixers for paint and chemicals, fans, 
blowers, fuel hose-reel rewinders, liquid pumps, spool- 
ing machines and a host of other products. Used in 
explosive atmospheres and in “hot” locations to 250° F. 





Mode! No. 1AM 2AM 4AM 6AM 8AM I16AM 
+P. at 90 P.SJ, 2000 RPM O13 OSF #1 20 40 7.0 
Weight, ibs. A SA 8 7 25 65 





For complete performance data, write for Air Motor 
Bulletins. Specify models that interest you. 


THEY’LL DRIVE EQUIPMENT 4 WAYS: 


Through direct Gear reducer 
) 
— (DL wv 
auie 


coupling 
w AIR MOTORS + VACUUM PUMPS + COMPRESSORS 


= 
ee GASTuanuractunine CORP 


" Pp. O. 
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BOX 117-V, BENTON HARBOR, MICHIGAN 








NEW HIGH PRESSURE 
SOLENOID VALVES 


Two-way Solenoid Valves for 
Oil Pressures to 3000 psi 


Two types are available: normally open, and 
normally closed. Both are pilot operated 
poppet type valves in cartridge form. They 
can adapt to any type of manifold or sub- 
plate. All standard AC or DC solenoids 
are interchangeable. Only two moving 
parts—poppet and plunger—make_ these 
valves less susceptible to 

malfunction due to con- 

taminated systems. 


All valves have free re- 
verse flow in the de- 
energized position. Hard- 
ened, ground and 
lapped parts with oil im- 
mersed plunger assures 
long trouble-free opera- 
tion. Many modifications 
to specific requirements 
are possible. 


For illustrated bulletin, write 


FLUID POWER ACCESSORIES, INC. 


Box 64 Glenview, Illinois 
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LEAD TIME CUT 





ENGINEERED AND PRODUCED BY EONIC 
World’s Leading CAM Manufacturers 


Two Dimensional 
Cam and Gear 
made from one 

piece of bar stock 


Three Dimensional 
Cam—over 12,000 
calculations 


EONIC 4... 


464 E. Hollywood « Detroit 3, Michigan 


Write For 
Bulletin 
Number 
105 


7 


Puscialel 
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DESIGN LITERATURE 





seal. Details applications, control 
rating, installation time, specs and 
prices. Technical Wire Products Inc, 
129 Dermody St, Cranford, NJ. 
Circle 379 on Reader Service Card 


CAMS AND CAMSHAFTS—Bulle- 
tin 210, 6 pp. Describes and illustrates 
face and cylindrical cams, two and 
three dimensional cams, aircraft cams, 
master cams and hydraulic pump 
cams. Eonic Inc, 464 E Hollywood, 
Detroit 3. 

Circle 380 on Reader Service Card 


ADJUSTABLE SPEED DRIVES— 
Bulletin 110, 2 pp. Describes and 
illustrates the synchro-range drive, 
which is a packaged system consist- 
ing of an adjustable frequency power 


supply, two or more synchronized mo- | 
tors of the same or different hp ratings | 


and a control panel. Gives operation 


features and contains a specification | 


chart showing comparisons between 


adjusto-spede and magnetic drive | 
power supply. Louis Allis Co, Dept. | 


P, 427 E Stewart, Milwaukee. 


Circle 381 on Reader Service Card | 


TEXTILE FIBERS — Comparison | 


chart, 4 pp. Reviews resistance fea- 
tures of all generic fibers to acids, 
alkalies, salts, solvents, oxidizing 
agents and also indicates concentra- 
tion and temperature and extent to 
which fiber resists chemical change. 


Filtration Fabrics Div, American Ma- | 


chine & Metals Inc, E. Moline, Ili. 


Circle 382 on Reader Service Card 


EPOXY RESINS—Technical bulle- | 


tins—series 1000. Lists properties of 
nine potting compounds, describes 
methods of encapsulating and potting 
critical parts and assemblies, and also 


details procedures for cleaning, tech- | 


niques for repairing and patching 


parts and stripping methods to use to | 


salvage components. Bacon Industries 
Inc, 192 Pleasant St, Watertown 72, 
Mass. 

Circle 383 on Reader Service Card 


VERTICAL & ROLL FILES—Cata- | 
log 3-60, 18 pp. Details design fea- | 


tures and dimension charts for wall 
racks, swingaway racks, data files, 
rolling stands, cabinets, pocket files, 
etc. Plan Hold Corp, 5204 Chakemco 
St, S Gate, Calif. 

Circle 384 on Reader Service Card 


OPTICAL TERMINOLOG Y—Glos- 
sary, 1 p. Designed for use as refer- 
ence by engineers, it covers a wide 
range of technical terms from “aber- 
rations” to “surface reflection.” Also 

continued, page 167 
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FLEXIBLE SHAFTS 


Solve space problems in power seat 


Here’s why Chrysler Corporation uses flexible shafts in its 
six-way motion, power operated seat adjuster: 


1. SPACE ECONOMY ... “flexible shafts provided 
means to transmit power from a single electric motor, with- 
out compromising seat design.” 


2. REDUCED STRESSES .. . “flexible shafts act as tor- 
sion bars to reduce motor armature stresses induced when 
the mechanism was stopped or stalled suddenly.” 


3. RELIABILITY ...“not a single shaft fatigue failure 
reported from the field to date.” 


4. LOW COST... “flexible shafts definitely represented 
savings without sacrificing design advantages.” 


Investigate for yourself how flexible shafts can solve many 
of your design problems and at the same time reduce costs! 


S. S. WHITE INDUSTRIAL DIVISION, 
DEPT. 14 10 East 40th Street, N. Y. 17, N. Y. 


THE S. S. WHITE FLEXIBLE SHAFT HANDBOOK 
New 4th Edition...Send for your free copy! 


LMoheite 


FIRST NAME 


IN FLEXIBLE SHAFTS 
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Above: A valve, with its ends protected by masks, 

—— receives a sprayed overlay of Colmonoy No. 
>, 6 hard-surfacing alloy. Left: A finished valve 
with long-wearing Colmonoy alloy stem surface. 


Colmonoy Spraywelder 
Builds Longer Life 
into Aircraft Valve 


To overcome corrosive pitting and abrasion of 
aircraft engine valve stems, more than one manu- 
facturer has chosen Colmonoy No. 6 alloy to pro- 
vide a long wearing stem surface. Colmonoy No. 6 
stops the pitting and excessive wear which necessi- 
tates frequent engine overhauls. The Colmonoy 
Spraywelder is used to apply the powdered alloy. 
It works fast and makes smooth, controlled-depth 
overlays that finish up in minimum time. 


Besides being an ideal method of applying a hard 
surface to finished machined parts, the Spraywelder 
employs the finest of hard-surfacing materials: Col- 
monoy nickel-base alloys. There are now five Colmonoy 
alloys available as Sprayweld* Powders. 


Call a Colmonoy sales engineer to get an appraisal 
of your wear problems and information on just 
how Colmonoy alloys and methods might solve 
them. Colmonoy alloys (nickel-, cobalt-, and iron- 
base) are also applied in many other ways: as 
welding rod, electrodes, , 

paste, and as castings. 

Learn more about this re- 

markable group of alloys. 


Ask for the Spraywelder Catalog and 


Colmonoy Hard-Surfacing Manual No. 79. 
*Registered trade-mark 


WALL COLMONOY 
CORPORATION 


HARD-SURFACING 


(> 
ou 
4& BRAZING ALLOYS 


Buffalo + Chicago « Houston + Los Angeles * Morrisville » New York » Pittsburgh « Montreal » London, England 
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Need a Small 
Snap-Action Switch? 


E33-00A 
SERIES 


eo” x Ye” x 1-1/16” case 

Long electrical and mechanical life 
ROCK-Wipe contact action 

Molded pivot for hinged actuator 
Standard mounting hole dimension 
Solder, quick connect or screw terminals 


RATED: UND. LAB. INC. INSP. 
10 amps. 2 h.p. 125/250V A.C 


Ya amp. 125V D.C. 
V4 Y4 amp. 250V D.C. 


CALL OR WRITE 


HERRY ELECTRICAL PRODUCTS CORP. 


P. O. Box 66 G Highland Park, III. 
Phone: Idlewood 2-8182 
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What's Your Toughest 
Surface Measurement Problem— 


[] Measuring roughness of parts that are 
(] Extra-smooth? () Inside small ID’s? 
C] Short or narrow? C] Remotely located? 


C) Of critical importance? 





(] Concave or convex? 


[) Measuring height and width of waves, bows, steps and 
other widely-spaced irregularities? 


[] Measuring individual pits, flaws, scratches? 
(.] Measuring waviness around surfaces of rotation? 


C] Other: 








Check and return this, and we’ll send free literature 
on standard or special Profilometer®, Proficorder®, 
Microcorder® or Wavometer® equipment for the job. 


NAME TITLE 





COMPANY DEPT. 





ADDRESS 








Profilometer is a registered trade-mark. 


MICROMETRICAL 


MANUFACTURING COMPANY 


A SUBSIDIARY OF THE BENDIX CORPORATION 


3621 S. STATE RD. ANN ARBOR 5, MICHIGAN 
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DESIGN LITERATURE 





describes and illustrates infrared op- 
tics and other advanced electronic in- 
struments. Servo Corp of America, 
111 New S Road, Hicksville, LI, NY. 

Circle 385 on Reader Service Card 


FASTENERS—Folder, approx 8 pp. 
Illustrates more than 80 intricate 
screws, bolts, washers and rivets and 
also includes the company’s line of 
thread protectors for tubular goods 
used in oil and gas operations. Gives 
complete specifications as to types of 
finishes, raw materials used and pro- 
duction equipment data, and includes 
an equipment capacities chart. Screw 
& Bolt Corp of America, PO Box 
1708, Pittsburgh 30, Penna. 

Circle 386 on Reader Service Card 


BALL VALVES—Bulletin PB 911, 
4 pp. Reviews performance charac- 
teristics and lists complete operating 
and application features with specifi- 
cations and blueprint drawings. Gen- 
eral Kinetics Corp, 197 S Van Brunt 
St, Englewood, NJ. 

Circle 387 on Reader Service Card 


ROTARY SELECTOR SWITCH— 
Leaflet 7, 2 pp. Describes design 
features and functional versatility of 
remotely controlled selector switches 
and illustrates by way of sketches per- 
formance characteristics of units. Le- 
dex Inc, 123 Webster St, Dayton 2, 
Ohio. 

Circle 388 on Reader Service Card 


FRICTION WHEEL BRAKES— 
Brochure LJ-75. Contains ratings, 
wheel data and dimensions of A-C 
solenoid-operated brakes, and_ lists 
many of construction features of de- 
vices which provide them with long 
mechanical life. Illustrations and 
drawings are offered. Cutler-Hammer 
Inc, 296 N 12 St, Milwaukee 1. 
Circle 389 on Reader Service Card 


SOUND & VIBRATION INSTRU- 
MENTS—Catalog ES-10, 24 pp. Sup- 
plies detailed information on resist- 
ance, inductance, capacitance, tem- 
perature ranges, etc. Reviews ac- 
celerometers, amplifiers, deviation 
bridges, filters, level recorders, strain 
gauge equipment, and many other 
units outlining design features and 
mechanical specifications. B & K In- 
struments Inc, 3044 W 106 St, Cleve- 
land 11. 

Circle 390 on Reader Service Card 


CIRCUIT MODULES — Catalog, 47 
pp. Provides data on circuit modules, 
which operate over an ambient tem- 
perature range of —55°C to +71°C. 

continued, page 169 
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Made of stainless steel wire, precision-ro!led to a diamond- 
shaped cross-section, Heli-Coil screw thread Inserts 
provide two exclusive characteristics directly related to 
threaded assembly strength: 
1 Permanent, resilient threads between the threads of 
* the male and female ussembly members. These 

eliminate stress concentrations (upper photos) by distrib- 
uting the load evenly along the full length of thread 
engagement in both members. By contrast, note the sharp 
stress concentrations (lower photos) around the first two 
hreads of the conventional assembly. 

NOTE: Diagrams at right show how Heli-Coil 

Inserts compensate for lead and angle error be- 

tween female and male threads. 

A superior surface finish (8-15 RMS). This holds fric- 

tion loss to a minimum and, thus, provides maximum, 
consistent clamping load at any given wrench torque load. 
RESULT: No stress concentration; improved fatigue 
strength in the male member; and a stronger assembly 
under all conditions. e 


There is a complete line of Heli-Coil products for every 
thread need: inserts, taps, tools and gages. Let us help 
with your design and application problems. Write today 
for complete information. 3146 


HELI-COIL CORPORATION 


® 612 Shelter Rock Lane, Danbury, Conn. 


How HELI-COIL Stainless Steel Wire Inserts 
Eliminate Stress Concentration and Insure 
Maximum Strength in Threaded Assemblies 


with HELI-COIL INSERT 


SCREW THREAD 
ENGAGEMENT 


DOA 
YW ; 


WY, aN 
CONVENTIONAL 


4470747747444 RIE WW 
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G WITH HELI-COIWN 


Yi. ME¥N 


In Canada: ARMSTRONG BEVERLEY ENGINEERING LTD., 6975 Jeanne Mance St., Montreal 15, Que. 
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UNIMAX 


SUBMINIATURE 


SWITCHES 


Proved reliability 
Meet MIL specifications 
Environment-free and 
high-temperature types 
Leaf, plunger, toggle, push-button, 
and interlock actuators 
© Five terminal styles 
Electrical ratings: 5 amp. 30 v.d-c resistive; 
3 amp. 30 v.d-c inductive; 5 amp. 125/250 v.a-c. 
Write for Catalog No. 20 that gives detailed 
dimensions and operating § characteristics of 
UNIMAX subminiature switches. 


Local distributors now stock Unimax switches 
for your convenience. 


UNIMAX SWITCH 


(de Ae Got 


IVES ROAD oF So CONNECTICUT 
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BEARING 
PROBLEMS 
SOLVED 


Tec-Tonics 


For specific solutions to special bearing problems, circle 
the reader card now. Receive existing issues of timely 
technical bearing bulletins and be placed on our mailing 
list to receive all future editions. Typical subjects: 


LUBRICANTS FOR BALL AND ROLLER BEARINGS 
DRY OPERATING, HIGH TEMPERATURE BEARINGS 
OPERATING ROLLING ELEMENT BEARINGS IN VACUUM 
ALUMINUM BEARINGS « CRYOGENIC BEARINGS 


To obtain these free technical bearing bulletins 
now, circle the card or write: 


ule INDUSTRIAL TECTONICS, INC. 


Balls and Bearings: Customized in Any Quantity 
Bearing Division / 18301 Santa Fe Ave. / Compton 14, Calif, 
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NEW VARIABLE SPEED CATALOG 


Here’s all you have to know about fhp variable 
speed. Explains the Zero-Max principle with pic- 
tures and diagrams of uses. Describes over 30 
basic models and types of Zero-Max drives which 
deliver 0 to 1200 rpm and up to 450 in. Ibs. torque. 


> WRITE FOR YOUR FREE COPY TODAY! 
Th ZERO-MAX Company 








2879 Harriet Ave. S., Minneapolis 8, Minn. « TAylor 7-5521 
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UNIFORM 
TUBING 


always available 


ALLOYS 

Almost any analysis, includ- 
ing aluminum alloys—1100, 
3003, high purity, 2024, 5052, 
6061, 6951 and the new high 
strength alloy UT58; copper 
alloys—OFHC Copper, Phos- 
phor Copper, 70/30 Brass, 
Yellow Brass, Red Brass, 18% 
Nickel Silver, “A” Phosphor 
Bronze, #25 Beryllium Cop- 
per, 30% Cupro Nickel; 
Nickel alloys—‘‘A”’ Nickel, 
Monel, Inconel, 220 Nickel; 
300 Series Stainless Steels; 
Glass-to-Metal Sealing alloys; 
Precious Metals; Columbium 
and Tantalum. 


SIZES 
O.D. from .625” to .005”. Wall 
thicknesses down to 0.0005”. 


TOLERANCES 

Commercial or precision— 
down to + 0.00005” on special 
application. 


FABRICATION 

Have your tubular parts 
“made at the mill”—by skilled 
tubing fabricators, specializ- 
ing in burr-free, close-toler- 
ance cutting, bending and 
flaring. 

A complete fabrication serv- 
ice cuts subcontracting costs, 
concentrates responsibility, 
ensures better delivery and 
better parts, ready for as- 
sembly. 

Phone or wire your require- 
ments. 


UNIFORM TU 
INC..cOLLEGEYV 


LLE 


TWwx 
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| each valve. 


Details electrical, mechanical and en- 


| vironmental specifications and includes 


a price list and loading chart. Elec- 
tronic Modules Corp, 1949 Green- 
spring Drive, Timonium, Md. 

Circle 391 on Reader Service Card 


VANE PUMPS—Bulletin 200A 4 pp. 
Discusses use and operating charac- 
teristics of hydraulic pumps at pres- 
sures up to 2500 psi, and covers a 
variety of possible applications. In- 
cluded are performance and efficiency 
charts, schematic diagrams. Denison 
Engineering Div, American Brake 
Shoe Co, 1160 Dublin Rd, Columbus, 
Ohio. 
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ASBESTOS FELT FOR MOLDING 
—Bulletin TX-10A, 2 pp. Discusses 
physical characteristics of asbestos in 
sheet form, consisting of a non-cured, 
non-woven material. Also contains 
technical data, application data and 
tabular information including mechan- 
ical, thermal, and electrical proper- 
ties. Johns-Manville, 22 E 40 St, 
New York 16. 
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MINIATURE SOLDER CONNEC- 
TORS—Catalog BSB, 24 pp. _ In- 
cludes specifications, | dimensional 
drawings, tables, shell styles, and 
termination devices for nine shell 
sizes—8 through 24. Explains polar- 
ization and presents a master chart 
with line drawings and photographs 
keyed to the dimension tables. Burndy 
Corp, Norwalk, Conn. 
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STRAIN GAGES & ACCESSORIES 
—Catalog BG-2200, 20 pp. Discusses 
design features of backed, dynamic 
and high temperature gages and de- 
tails performance characteristics of 
each. Included are _ performance 
curves showing the difference between 
compensated and stabilized gages, and 
information covering installation pro- 
cedures. Also reviewed are basic kits 
used to install the strain gages, in- 
cluding temperature ranges, and di- 
mension outline drawings. Budd Co, 
Budd Instruments Div, Phoenixville, 
Penna. 
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PRESSURE REGULATING 
VALVES—Bulletin SM 71, 8 pp. Dis- 


| cusses design features of balance, pilot 


operated, and direct acting valves, 
and offers service data, connecting 
pipe sizes, construction specifications, 
applications, and operation details for 
Included are charts list- 
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PRODUCT QUALITY 
with 


COLD HEADED — ROLLED THREAD 


FASTENERS 


a) 


TYPE 23 TYPE 25 


TYPE 1 


All types are uniform 
in size, heat treated 
to highest torque 
limits. They feature 
sharp, well-formed, 
full-bodied threads 
and deep, clean slots. 


Sizes from #2 to %". 
Finishes: nickel, 

= Cadmium, zinc, brass, 
bronze, chrome, 
Parkerizing, Iridite, 

blued. 


For details, 
write or call— 


HARVEY 


HUBBELL 


i fete] ite]. 7 ua 42) 
MACHINE SCREW 


BRIDGEPORT 2, CONNECTICUT 


DEPARTMENT 
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TAPPING AND THREAD CUTTING 
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Con Relays 


. flexible to meet 
every requirement 


Clare mercury-wetted contact relays are avail: 
able in printed circuit assemblies, modules, con: 
ventional plug-in relays and special assemblies. 
Either of two basic switch capsules...HGS for 
especially fast, sensitive operation or HG for 
higher contact loads...is provided. These relays 
are tested for billions of maintenance-free oper- 
ations. They never get out of adjustment. never 
bounce or chatter. 


The Mercury-Wetted Principle 


The remarkably long life of CLARE mercury-wetted 
relays is the result of a design principle whereby a 
film of mercury on the contacts is constantly renewed, 
by capillary action, from a mercury pool. Switches are 
sealed in a glass tube in high-pressure hydrogen 
atmosphere. 


For complete data write for Design Manual 201-A 

C. P. CLARE & CO., 3101 Pratt Bivd., Chicago 45, Illinois. 
In Canada: C. P. Clare Canada Ltd., 
840 Caledonia Road, Toronto 19, Ont. 
Cable address: CLARELAY. 

Cc. P. CLARE & CO. 

Relays and Related 
Control Components 
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Simplify design, purchasing, production with 


headless slotted 


M 


SET SCREWS 


*PDQ means price, delivery, 
quality. And you get all three 
with Moore Set Screws. The 
PRICE is right. Ample produc- 
tion capacity and inventories as- 
sure fast DELIVERY. And rigid 
control standards guarantee 
there’s no skimping on QUAL- 
ITY. Specify Moore Set Screws 
and be sure. Dependable quality 
for over 80 years. 


Send for catalog 


socket head 


squore head 


‘ole? 83am George W. Moore, Inc. 


since 1880 
92 Beaver St., Waltham 54, Mass. 
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1 1001 USEFUL BUYS! 


Check, 


Measure, Inspect with this 


6 POWER POCKET COMPARATOR 


Complete with 
Linear 


Circles, 


leather case. Measures Angles, Radii, 
in both decimal inches and millimeters 


Used to check layouts, machining on tools, dies, gauges 


to check threads, chamfers, 


Handy! Fast! 


Stock No. 30,061-DC. . 


"ae 


GIANT 
Recover 
place; 


ocean, etc 


Stock No. 70,183-DC 


tools and parts from inaccessible spots; 
rid shop floor of metal fragments, 
horseshoe shape 5 Ib. war 
tremendous lifting power, 
Lots of fun, too 


wear on cutting tools, etc 


..New Low Price $19.50 Pstpd 


STEREO MICROSCOPE _ terrific Buy! American Made! Up 
to 3° Working Distance—Wide 3 Dimensional Field. Used in pro- 
duction, in research, or at home. 2 sets of objectives on rotating 
turret. Standard pair of wide field 10 Kellner, Eyepieces give 
you 23 power and 40 power clear, sharp, erect image. Helica 
rack and pinion focusing. Interpupillary distance adjustable. SO 
GOOD WE’LL SHIP ON 10-DAY FREE TRIAL 

Stock No. 85,056-DC full price $99.50 f.0.b 


INDUSTRIAL MAGNETS! MIDGET PRICE! 
hold work in 
pins, etc. Use this 
surplus Alnico V-Type Magnet 
over 125 Ibs. Rated at 2000 Gauss 
use for “fishing” the bottoms of lakes, rivers, 
retrieve motors, fishing tackle, metal valuables 


5 Ib. size—$9.95 Pstpd. 
NEW! GRAPH RUBBER STAMP _soives problem of re- 


cording graphed material neatly in engineering notebooks, reports, 
correspondence, etc., without using bulky sheets of graph paper. 
Simply stamp a clear graph pattern wherever needed. Use for 
electronic design, development and research records—plotting 
various curves from analytical data and math formuli—drawing 
curves from oscilioscope screens, etc. For all engineers, sales 
mgrs., production control. Pattern is 100 blocks per sq. in. 


No. 50,255-DC (3’’ square) $3.00 postpaid 


es Mee 


Order by Stock No.—Check, M.O. or Open Account—Money- back Guarantee 


FREE! GIANT 160-Page CATALOG “DC” 
OVER 1,000 SCIENCE-MATH-OPTICAL ITEMS for industry . . . 


Many on-the-job helps .. . 
hundreds of illustrations. 


instruments! 
Scopes, 
search labs 


Microscopes, 


quality control aids! 160 pages— 
Many war surplus bargains! Imported 
Prisms, Magnifiers, Telescopes, Satellite 
Binoculars, etc. Optics for industry, re- 
experimenters, hobbyists, math learning aids. 


Lenses, 


Write for FREE Catalog AE. 


EDMUND SCIENTIFIC CO., 


Barrington, N. J. 
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ing dimensions, weights and prices of 
each unit and also short descriptions 
of reducing, regulating and block steel 
valves. Strong, 508 Sandusky St, 
Conneaut, Ohio. 
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OPTICAL EQUIPMENT — Catalog 
621, 160 pp. Included are measuring 
magnifiers, pocket comparators, illumi- 
nators, projection sets, and other in- 
struments and components for check- 
ing, measuring and comparing. Also 
reviews microscopes, telescopes and 
accessories, lenses, binoculars and 
photographic items. Edmund Scien- 


Ohio Knife Co. Hardened Vee Ways Orig- 
inal Fquipment on this DeVlieg Jigmil. 


mee face 


| hardened 


SPECIAL O-KNI-CO WAYS INSURE PRE- 
CISION OPERATION.* Noted for the abso- 
lute precision built into their machine tools, 
The DeVlieg Machine Company, Detroit, is 
a consistent user of O-K NI-CO hardened ways 
made by The Ohio Knife Company. This De- 
Vlieg Spiramatic Jigmil features O-KNI-CO 
vee ways as original equipment. 
These ways contribute to greater machine 
accuracy because they are virtually wear proof. 


| Hardness (Rockwell C 65-66) to a depth of 


*46” or as required gives the best wearing sur- 
obtainable. Precision grinding to + 
0002” or less further insures precision opera- 
tion. O-KNI-CO hardened ways are available 


in stock or are specially made to suit indi- 


vidual requirements. For more information 
write The Ohio Knife Company, Cincinnati 23, 
Ohio. Dept. B 





tific Co, Barrington, NJ. 
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by = = 
Se hardened 


ally | 
a Wd) 


you can 
THE OHIO KNIFE CO. CAN MAKE 


design 
r BETTER — our time proven proc- 


MICA COATED INSULATING 
TAPE—Catalog, 8 pp. Supplies 
actual samples of all standard tapes 
and reviews electrical and mechanical 
specifications. Also explains process 
by which mica coatings are deposited 
on fiberglass or Mylar. Mica-Coated 
Products Div, McMillan Laboratory 
Inc, Brownville Ave, Ipswich, Mass. 
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WIDE CAPACITY WHITEPRINT- 
ER—Bulletin, 4 pp. Describes and 
illustrates design and operating de- 
tails of 42-in. capacity budget-priced 
unit. Specifications, dimensions and 
weights are included. Ozalid Div, 
General Aniline & Film Corp, John- 
son City, NY. 

Circle 399 on Reader Service Card ess of bonding special analysis 
tool steel to tough machineable 
steel, then hardening the tool steel 
(65-66 Rockwell C) along entire 
length, enables us to give you 
hardened surfaces anywhere you 
want them. 


SYMBOLS CHART— 
Wall chart, 8’ x 11 in. Includes 
basic weld symbols and location sig- 
nificance, supplementary symbols used 
with welding symbols and identifica- 
tion of basic joints, including arrow 
side and other side of joint. Lenco 
Inc, 350 W Adams St, Jackson, Mo. 
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WELDING 


FASTER — we make hundreds of 
these special shapes for every 
conceivable application—our new 
production methods are geared to 
meet fast delivery requirements. 


~ 


’ 


ay | 


DC CONNECTOR KIT—Catalog, 10 
pp. Covers subminiature coaxial con- 
nectors, describing and _ illustrating 
performance characteristics, contact 
reliability and quick-disconnect oper- 
ation. Also provides assembly pro- 
cedures. Deutsch Co, Electronic Com- 
ponents Div, Municipal Airport, 
Banning, Calif. 
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LOWER-IN-PRICE — no one is as 
completely set-up — design, engi- 
neering, heat treating and produc- 
tion—to deliver these special ways 
to you at a price far below what 
it would cost you to make them 
yourself. 


thd oe enue | 


IMPC ATANT — we carry in hardened 
stock 12 standard way shapes in 88 sizes, 


with delivery from stock to 5 weeks. 


WELDABLE 
Data sheet 4324, 2 pp. Reviews 
lite and ceramic-bonded types, 
strain range of +'%% (+5000 
microin./in.). Also gives tempera- 
ture coef curves, shows variation of 
gage factor with temperature, and 
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STRAIN GAGES— 
Bake- 
with 


__ ary 
W, 


Cr ey 


For FREE Bulletin-A, describing O-KNI-CO hard- 
ened ways, wear plates, etc., write Dept. 122-B 


THE OHIO KNIFE Co. 
CINCINNATI 23, OHIO 
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THE KEY 10 YOUR 


SECURITY DESIGN PROBLEM 


If the equipment or product you are designing 
should have a lock, it should have the unique 
Chicago ACE® Lock. The above key fits the cir- 
cular keyway of an ACE lock and is as symbolic 
of maximum security as it is different from con- 
ventional keys. 

Because of the intricate tumbler combinations 
possible in a Chicago ACE Lock, you can specify 
your own registered, unduplicated key cut with 
duplicate keys available from the factory only. 

To learn more about the 
advantages of ACE and the 
complete line of Chicago 
Locks, write for a copy of 
Our catalog and bulletins. 





') SHISASO LOCK CO. ( 
2050 North Racine Avenue - Chicago 14, Illinois 
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: PARAMOUNT 
; Die Castings 
1 AT WORK 

' 


No. 8 of a Series. 
4 


RADIAL-ARM SAW 
gets Rigidity with Light Weight from © ‘vse car 


PARAMOUNT DIE CASTINGS © tatu’ 


CARRIAGE 

SLIDE 
Central Specialty Division, King-Seeley ThermosCom- ©@ upper 
pany, selected Paramount to supply the die castings CARRIAGE 

, SLIDE 

for critical parts of this high quality Craftsman saw, 
made exclusively for Sears, Roebuck and Co. Why © sive Guaro 
Paramount? Because of Paramount's well-known engineering and production 
know-how—Paramount's ability to consistently meet the highest standards 
of precision at lowest possible cost—Paramount'’s careful scheduling which 
assures deliveries that fit customers’ production schedules. 


It will pay you to look to PARAMOUNT... 
If your product incorporates zinc or aluminum die castings, or 
you're considering them, investigate Paramount's complete serv- 
ices—from drawing board to finished part. 


P) PARAMOUNT Dee Casting Co. 


(A subsidiary of TALON, INC.) ST. JOSEPH 4, MICHIGAN 
Three complete piants—two In St. Joseph, Mich., one In Seymour, ind. 
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NEW BLU-RAY Whiteprinter 
offers 50% MORE SPEED! 


MAKES CLEAR DIAZO PRINTS IN 
SECONDS FOR PENNIES! 


Copies anything printed, typed, drawn or written on 
any translucent material. Just slide Tracing and Diazo 
Paper thru BLU-RAY. Get FAST, EXACT EXPOSURE. 


Makes Sepia Reproducibles From 
: $197.50 


All Prices 
Eastern List 


UL & CSA Approved 


3 Lamps for faster operation. No warm-up. Speed control for exact 
exposure. 3 Models: 14”, 27”, 42” print width capacities: any 
length. Portable. 


Thousands of Guaranteed BLU-RAYS in use not because they’re the 
cheapest, but because theyre the best, most reliable dollar value. 
Get a demonstration and see for yourself. 

AVAILABLE ON LOW COST MONTHLY LEASE PLAN 


NOW BLU-RAY OFFERS 2 DIAZO DEVELOPERS 
1, NEW FLUTED] 2.NEW CONTINUOUS ROTARY DRY 
SEE-THRU | DEVELOPER FOR FASTER DEVELOP!®. 
AMMONIA For use with 


DEVELOPER BLU-RAY and other 
TUBE. Whiteprinters. 


FROM $1 1.55 | 3 Models from $] 29.50 
SEND FOR LITERATURE OR DEMONSTRATION IN YOUR OFFICE 


BLU-RAY.,R.E.C. sc'vestoroot noc, esses, connection 








Rotary Diazo 
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WILBOW precision 
seals improve power 
cylinder action 


provides design and application data 
and prices. Electronics & Instru- 
mentation Div, Baldwin-Lima-Hamil- 
ton Corp, Waltham, Mass. 

Circle 402 on Reader Service Card 


REINFORCED PLASTIC—Bulletin 
8.4, 4 pp. Lists forms available in the 
asbestos-base laminated plastic that 
exhibits noteworthy ablation properties 
and underscores typical values for 
physical, mechanical and thermal 
properties. Also discusses oxy-acety- 
lene torch and blast resistance tests 
made on the material. Taylor Fibre 
Co, Norristown, Penna. 

Circle 403 on Reader Service Card 


Check seal 
cushions by 
WILBOW 
provide 
effective 
cushioning of 
HANNA- 
POWR®* 

AIR Cylinders. 











Each cushion valve in The Hanna POWRMATION®* Cylinder 
shown above has been precision engineered and manufactured 
to stop heavy and fast moving loads without severe impact or 
bounce. Seals conform to high standards including excellent 
uniformity and long life—thanks to the special properties of 
the synthetic materials used and the manufacturing experience 
of WILBOW in producing custom rubber parts. 

Q l WILBOW specializes in the manufacture of precision mechan- 
Gear Co, 1333 E 179th St, Cleveland SEND FOR ical rubber parts to meet the most rigid eallcecnens = 
10. COMPLETE ments. A full range of the newer synthetics, natural or silicone 


Circle 404 on Reader ice Card WILBOW CATALOG polymers plus the broadest production versatility . . . including 
Serv molding, lathe cutting, extruding or punching . . . is at your 


service. Why not check your needs with WILBOW? 
SHANNA-POWR and POWRMATION are registered trademarks of 
Hanna Engineering Works, Chicago, IIl. 


The WILLIAMS-BOWMAN RUBBER CO. 


198s South 54th Avenue ¢ Cicero 50, Illinois ¢ (Chicago Suburb) 


Mfrs. of molded, punched, extruded and cut rubber goods. Specialists in pro- 
ducing rubber covered rolls, silicone rubber parts and bonding rubber to metal 


Manville, Packing & Friction Ma- a a 


COST 
. : FRACTIONAL 


| 
16. 
Circle 406 on Reader Service Card 
SELF - SEALING FASTENERS — | H.P. INDUCTION 
Catalog H61, 4 pp. Describes and 
illustrates four types for critical high- 


MOTOR 
pressure sealing applications. Re- 


viewed are specifications, including for Typewriters—Business Machines— 


“DUC <> 
GEARS, SPEED REDUCERS—Bro- 


chure, 4 pp. Pictures custom gear 
products and condenses specifications 
to indicate available tooling. Ohio 


CYLINDER LOCK VALVES—Data 
sheets 37.1 and 37.2, 2 pp. each. Con- 
tain specifications, flow charts, dimen- 
sions, schematic drawings, typical cir- 
cuit applications, approved Jl 
symbols and other design information 
on function and operation of valves. 
Sarasota Precision Products Inc, 5757 
McIntosh Rd, Sarasota, Fla. 
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FRICTION MATERIALS—Brochure 
FM-57A, Deals with asbestos brake 
blocks, linings, clutch facings, bush- 
ings, bearings and molded parts. Pro- 
vided are charts outlining material 
selection, characteristics and recom- 
mendations. Materials for special 
applications are discussed and methods 
of attaching are explained. Johns- 





temperature and pressure ranges, cor- Computors—Recorders—Appliances— 


rosion resistance, sizes and styles. 
APM Corp, 41 Honeck St, Englewood, 
NJ. 

Circle 407 on Reader Service Card 


BEARINGS—Bulletin 7104, 12 pp. 
Carries dimensions, dimension draw- 
ings and design features of perma- 
nently lubricated ball bearing pillow 
blocks, flange units and takeup units, 
as well as porous bronze and babbitted 

continued, page 175 


Divisions: 


(7) Electric Motor Corp 


MORE POWER, SMALLER SIZE, LONGER 
LIFE, TOUGHER CONSTRUCTION... ALL 
AT LOWER COST! 

© 3” diameter—26 frame size @ 2 pole ratings 
from 15 milli-h.p. to 1/10 h.p. © 4 pole ratings 
from 15 milli-h.p. to 1/20 h.p. © Available in 
hysteresis synchronous, permanent split 
capacitor, split phase and capacitor start 
models © Single or double shaft © Resilient 
mount, foot mount or face mount 

Write today for samples and prices! 


Cyclohm Motor Corp (5) Loyd Scruggs Co 


HOWARD INDUSTRIES, INC. ¢ 1750 State Street * Racine, Wisconsin 
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CLAMP WIRE BUNDLES IN SECONDS! 


Just place wire bundle inside “U} push keeper down snugly, and this 
light-weight clamp is securely locked to withstand loadings greater 
than 50 G’s! A Cab-L-Tite* clamp securing 58,000 mils weighs only 
0.016 oz.; 8,570,000 mils, 0.832 oz. Proved in aircraft and missiles, 
Cab-L-Tite* is made of tough DuPont zytel, which meets MIL-P- 
17091. Removable in seconds for rerouting wires. Write for free 
literature. Manufacturer of Bund-L-Tite straps. 


DAKOTA ENGINEERING, INC. 


4315 Sepulveda Blvd., Culver City, California *Trade Mark 
an CIRCLE 90 ON READER SERVICE CARD 


Floatless, Electrode Type 
LIQUID LEVEL CONTROLS 


No moving parts in the 
liquid © Easy to install 
® No adjustments neces- 
sary ® Unaffected by acids 
or caustics © Unaffected by 
pressure or temperature ® 
Standard 2&3 pole units 
listed by U/L 


Write for 32-page 
Catalog which gives 

complete specifications 
; 
‘ (rope 
YOU CAN USE OUR CONTROLS FOR: 
® Single & multiple pumps 
® Motor & solenoid valves 
@ High & low cutoffs 

& alarms 


Two pole control shown at left 


® Sewage & waterworks 
@ Chemical Industries 

® Food & Dairy Industries 
®@ OEM applications 


Special controls to custom requirements 


CHARLES F. WARRICK CO. 


1964 W. Eleven Mile Road, Berkley, Michigan 
Dept. 3 Telephone JOrdan 4-6667 
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|'GROWN UPI! 


PRICED DOWN! 


The all new VEMCO 33/20”. A precision drafting 
machine capable of accommodating drawings as 
large as 34” x 44”. Combining much of the 
versatility, convenience and precision workmanship 
of America’s finest drafting machines, yet Priced 
At Only $59.50, subject to quantity discounts. 


Also available—the Model 3300 
with special disc brake and automatic 15° 
indexing—slightly higher in price. 


Write now for new 4-page descriptive brochure. 


V. & E. MANUFACTURING CO. 
766 So. Fair Oaks Avenue 
Pasadena, California 

F 


rT ee 
CIRCLE 91 ON READER SERVICE CARD 





i p—7 


— iS 


SAVE TIME SAVE MONEY 


Heretofore a flexible shaft was designed 
as a special unit requiring costly, time- 
consuming engineering. 


CIRCLE ESS STANDARD FLEXIBLE SHAFT 
ASSEMBLIES are versatile enough to fill 
the demands of many different applications 
and yet offer the advantages of economy 
in time and money. 


They are composed of stock components, 
the finest steel cable, vinyl covered steel 
casing and cadmium plated coupling type 
steel end fittings. 


Send for our new bulletin. Learn about 
this new economical way of buying flexi- 
ble shafts. 


EW. STEWART CORP 


431)-13 RAVENSWOOD AVE CHICAGO 13, LL 


West Coast Plant: 2404 So. Grand Ave., Los Angeles 7, 
California 
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pillow blocks. Includes babbitted 

bearing data on load ratings and max ’ 
shaft speeds. T B Wood’s Sons Co, 


Chambersburg, Penna. 
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LETTERHEAD REQUESTS ONLY 


Manufacturers who published following 
literature asked that requests for copies be 


SST" eMITRON 05% ACCURACY PRECISION RESOLVER 


REINFORCED PLASTICS—Man- 


10,000 CYCLE 
ual, 40 pp. Provides information as | DELIVERED ON REGULAR — S — 
to design, cost, and laminate proper- a — 
ties, the production processes now in PRODUCTION BASIS 
use, and the various combinations of ALL SIZES—8 through 23 ; 
reinforcements and resin systems avail- eg ane PA a mer Data Trans- 
able. Furnishes an up-to-date cost per- ALL ENGINEERED & MANUFACTURED TO: 


‘mapas 2 ae eae MIL-R-14346 
formance and general properties com- ALL AVAILABLE * WiTH 
ari stwee She aec-reinf, “2 @ Thru-Bore sign 
parison between fiberglass-reinforced @ High Reliability Exclusive Brush Block 
plastics, and such unreinforced plas- @ Stainless Steel housings, shaft, bearings 
Re : . ° ius i 1 @ High voltage capabilities between stator and 
tics as high impact styrene, polyethy]- compensator windings (on feedback units 
ene, acetal, and nylon. Owens-Corn- + aoe _ break-through, made —_ by VERNITRON 
. pis ’ J see specialization in precision synchro an resolver design 
ing Fiberglas Corp, 717 Fifth Ave, and manufacture. g RTP ae ie 


New York 22. complete price, de- 
| livery and specifica- 
| tion data; ask for 


96 aaep aie caneee tees ae 


NEW Vernitron 
Condensed catalog. 


SCIENCE & ENGINEERING — 
Booklet, 30 pp. As a guidebook for = 

parents, it outlines characteristics Ee Fae Pi it Ro Ped 

which may indicate an embryo engi- cso en © OS = «A FT oN 

neer or scientist, and also suggests THE QUALITY NAME IN PRECISION SERVO COMPONENTS 


—_ = . ~? ae 618 Old Country Rd., Garden City, N. Y.—Ploneer 1-4130 . TWX: C-CY-NY-1147 
academic and associated activities West Coast Plant: 1742 S. Crenshaw Blvd., Torrance, Calif.—FAirfax 8-2504 @ TWX: TNC-4301 


which help te develop interest in these CIRCLE 93 ON READER SERVICE CARD 
professions. Covers such subjects as othe Metco 


where to seek specific counsel, possible 

















financial aid, and possibility of student | i mu LTIROLL FILES 
working his way through college. Also | S 0 RE mm 
stresses importance of science-oriented ie , ee, 


: ° e ° ° aa , we 7 
>ourses and appreciation of it in ou la 
ey Battelle ienacil estinutn, DISC ‘ SPR INGS 


Columbus, Ohio. oe 


Eliminate Sogn, Settling, Creeping ei 
SILICONE COMPOUNDS—Techni- iu gt - *: 
cal Data Book S-23, 16 pp. Discusses Bes! = 
two types of silicone materials for eet 
potting, embedding and encapsulation 


of electrical and electronic equipment. | | jpeAL PLAT PLANS 
Provides full information on silicone | Ij schnorr dise springs protect the geors 


¢ 
rubber compound and the new, resili- of this streamliner from torque over- s FO ef PROJECT PLANTS 


° . load 
ent transparent material which pro- - tal lis aaa se 
j inual i ; , SCHNORR SPRINGS PROVIDE UNLIMITED LIFE! ile constructed in s. test corrugate 
vides continual inspection and easy ‘Siena tiie aaiinedion Geatenene oer mea 


repair of potted assemblies. Also cov- @ ADJUSTMENT— - 
ered are typical physical and electrical SCHNORR SPRINGS provide different pressure 9 TUBE MODEL Tube |.D. 4's 
Ti. oom . : and deflection with exacting adjustment. ALL 
properties. Silicone Prod Dept, Gen- FROM ONE SIZE. MODEL NUMBER 0930 0936 0942 
eral Electric Co, Waterford, NY. COMPACTNESS— Size 
Great power is concentrated in a very small space. 13¥%4x13%xL 31 37 43 
ABSORPTION-— , 
STAINLESS STRIP STEELS—Bro- Dampens impacts, and minimizes after-oscillation. Inside depth 3012 36% 42\2 
5 > 1 ; @ VERSATILITY— i 11.50 12.00 $12.50 
chure, 32 PP. Provides a guide to SCHNORR SPRINGS can be easily adjusted to me $ . 


i F oyvari ; stainless ade provide a varied range of spring pressures and ! 
selection of various stainless grades Seat. tie at Ge ae aed’ oo 16 TUBE MODEL Tube I.D. 3's 


for specific applications. Technical provide multiple force. MODEL NUMBER 1630 1636 1642 
data, physical and mechanical prop- SPECIALIZATION— 

<p “ : — ° SCHNORR DISC SPRINGS may be obtained in a Size 
erties, heat treating and finishing of variety of sizes for specialized tasks. MODEL K is 13%x13%xLb 31 37 43 
19 stainless steel types are provided Si a ms 
plus visual presentations of applica- Further Information and Literature on ; 
tions in the automotive, architectural, SCHNORR DISC SPRINGS is available from: — ee eo 


household and other fields. Clean- Exclusive Distributor Otter ee, Cree 8 ae, ee Me, 
ing procedures and weight tables are KARL A. NEISE, inc. I on ay 25 and 49 Tube model avail. Write for brochure. 
included. Superior Steel Div, Cop- P.O 
: : ° 406 Fourth Avenue, New York 16 © MU 3-0481 BOK 3863 
perweld Steel Co, Carnegie, Penna ROLL & FILE SYSTEMS, INC. cerpoit 5, mice 
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CAREER 
OPPORTUNITIES IN 


ENGINEERING & 
MANUFACTURING 


Memory array has (upper) been produced at 
Remington Rand Univac by deposition of 
evaporated metal. Photos (lower) are taken 
in both black and white and color by Univac 
Research Engineers who have been photo- 
graphically observing for some time the do- 
main patterns in thin deposited films through 
the use of the Kerr Magneto. Optic Effect. 


There's an outstanding opportunity for 
personal progress at Remington Rand 
Univac. An Atmosphere of Achievement 
provides engineers unlimited opportun- 
ities for professional progress and par- 
ticipation in creative programs of elec- 
tronic data processing. 

You are invited to investigate the 
opportunities now available at Univac, 
In addition to an attractive salary, you 
will enjoy liberal company benefits. 


Immediate Openings Include: 
PRODUCTION RESEARCH ENGINEERS 


A limited number of Engineers are needed 
with special knowledge and experience in- 
volving thin film techniques using vacuum 
deposition, fine wire welding, wire wrap and 
miniature connectors. This is challenging 
work in a new field and offers unprecedented 
opportunities for advancement. 


PROGRAM PLANNING ENGINEERS 
For the expansion of our PERT program 
planning effort on long range military and 
commercial projects. Prefer three or more 
years of electronic hardware or systems 
design experience in addition to association 
with PERT or critical path program planning. 

QUALITY CONTROL ENGINEERS 


To develop and apply statistical quality 
control techniques, initiate and evaluate 
test and inspection procedures for the 
manufacture of superior quality products. 


For immediate consideration, send 
resume of experience and education to: 
R. K. PATTERSON, Department BB-12 


nivac. 
DIVISION OF SPERRY RAND CORPORATION 
2750 West Seventh St., St. Paul 16, Minnesota 
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N te Agency Commission. 
Send NEW ADS and Inquiries to “te Classified Adv. Division Division of Product Engineering. P.O. Box 12, N.Y. 36, N.Y. 








R&D Engineer 


R&D Department of well known food 
equipment manufacturer, Baltimore 
suburban area. All ph i 
engineering relati to p duct devel- 
opment. Maeximum ‘opportunity for | cre- 
ativity; nat & 
broad experience desirable. Minimum 
required BSME 10 years food or allied 
machine development experience in- 
cluding theory or p 
namics. Submit complete resume ond 
salary required. 














P-7899, Product Engineering 
Class. Adv. Div., P.O. Box 12, N.Y. 36, N.Y. 














ADDRESS BOX NO. REPLIES TO: Boz No. 
Classified Adv. Div. of this pudcication, 
Send to office nearest you. 
NEW YORK 86: P. O. Bow 12 
CHICAGO 11: 645 N. Michigan Ave. 
SAN FRANCISCO 11; 255 California 8t. 





_POSITIONS WANTED 


Ex tive Mechanical Engineer—Age 49, de- 
sires position in the East. More than 20 years 
experience as Des. Eng., Chief Eng., Plant 
and Works Manager in Germany and USA in 
aircraft, bulldozers, automotive, pumps, cer- 
amics. Developing and building special ma- 
chines. Machine shops, ass’y lines, mainte- 
nance, Several inventions, 1 patent, 2 patents 
appl. Licensed P.E. Salary: $12,000 start. 
PW-7864, Product Engineering. 

Engineer, C.E., experienced in estimating, 
design, purchasing, sales, desires new con- 
nection in metal fabrication, metal products 
or construction fields. Will relocate, New 
England area preferred. PW-7945, Product 
Engineering. 

















BUSINESS 
OPPORTUNITY 








NEW TOY IDEAS WANTED 


PRODUCTS WANTED: Well established 
research and development company de- 
sires to contact designers and inventors 
having new, novel and original ideas or 
inventions for toy or hobby field. Royalty 
or outright purchase. Prefer items two 
dollars retail and higher. Any accepted 
medium OK. Please send for submission 
forms. 
BO-€144, Product Engineering 

255 California St., San Francisco 11, Calif. 














Your Inquiries to Advertisers 
Will Have Special Value .. . 


value A this evidence of the publication 
you Satisfied advertisers enable the 
ny to seoure more advertisers and— 
more advertisers mean more information on 
o— or better service—more value— 
‘oe ° 








FOR 
INFORMATION 


About Classified Advertising 
Contact 
The MeGeaw- Hill Office 
 -_ You 


ATLANTA, 9—1375 Peachtree St. N. E. 


TRinity 5-0523 
D. HICKS 


BOSTON, 16—Copley Square 
COngress 2-1160 
M. SHOUVLIN 


CHICAGO, 11 
645 No. Michigan Ave. 
MOhawk 4-5800 
W. J. HIGGENS - W. SONZSKI 


CLEVELAND, 13 
1164 Illuminating Bldg. 
SUperior 1-7000 
1. C. HILL 


DALLAS, 2—1712 Commerce St., 


Vaughn Bidg. 


Riverside 
J. GRANT 


7-9721 


DENVER, 2 
1700 Broadway—Tower Bldg. 
Alpine 5-2981 
J. PATTEN 


DETROIT, 26—856 Penobscot Bidg. 
WOodward 2-1793 
WM. H. GINDER, JR. 


HOUSTON, 25 
Prudential Bldg., 


Holcombe Blvd. 
J. PAGE 


LOS ANGELES, 17—1125 W. 6th St. 
HUntley 2-5450 
W. C. GRIES 


NEW YORK, 36—500 Fifth Ave. 
OXford 5-5959 
H. T. BUCHANAN - R. P. LAWLESS 
T. W. BENDER - P. BOND 


PHILADELPHIA, 3 
Six Penn Center Plaza 


LOcust 8-4330 
W. B. SULLIVAN 


PITTSBURGH, 22—4 Gateway Center 
EXpress 1-1314 


Room W-724 
JA 6-1281 


ST. LOUIS, 3 
7751 Carondelet Ave. 
PArkview 5-7285 


SAN FRANCISCO, 11 
255 California St. 
DOuglas 2-4600 
J. A. HARTLEY 
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EMPLOYMENT OPPORTUNITIES 








To the mechanical development engineer who’s realizing only part of his potential 


Ampex can make your job picture complete. 

For Ampex offers you an opportunity to conceive, design, develop the 
most advanced magnetic tape recorders in the world. You won’t be 
confined to a fraction of a job. You'll be given free reign 


either Redwood City, near San Francisco, or Culver City in Souther: 
Catifornia. You can qualify if you have a BSME or advanced degrees, 
2 to 6 years experience in electro/mechanical instrumentation and 

aptitudes for developing high precision rotating mech- 





to work on ideas of your own. And follow them through 
—from original engineering to working model. For what 
has always come first at Ampex? Product development. 
You'll also work in one of the finest areas anywhere: 


anisms such as linkages, air bearings, clutches, brakes 
for sophisticated tape transport mechanisms. Write: 
Mr. John G. Doolittle, Office of Scientific Placement, 
Ampex Corp., 2405 Bay Road, Redwood City, Calif. 
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1. Sturgis, Michigan 
In heart of metal working industry. 
Seven large truck line terminals. 

New York Central and 
Pennsylvania Railroads. 


@.. Haleyville, Alabama 


Convenient to Birmingham. 
On U.S. Highway 278. 
Southern and Illinois Central Railroads. 


STEEL TUBING 


Manufactured by 
electric welding to your 
needs. Sizes 5%” to 
3”0.D. 20 to 10 gauge. 
Round or square. 





TEMPLATE-TRUE 
TUBE FORMING 
TO YOUR 
SPECIFICATIONS 


Steel, copper, brass, bronze 

aluminum or stainless tubing 

fabricated to your specifications. 

Sizes %" to 6” OD, 20 to 10 gauge. 

_ Thirty-four years of experience in 
forming, welding, beading, bending, 
stamping of formed tubes. 

Top-flight engineering service. 

Write, wire or phone for booklet or quotation. 


Formed Tubes, Inc. 
1207 Prairie Street, Sturgis, Michigan 


Formed 
Tubes, INC. 
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NON-METALLIC MATERIALS, FINISHES 
431 Foot or Palm-operated Switch 


t48—Lacquer for Aluminum 332-—Subminiature Snap Switch 





(40-—-Spiral-wound Fiberglass Tubing $43—Switch For Mounting Behind Pane! 

550—Centrifugally Molded Fiberglass Tube s30—Multiple Split-lobe Cam Switch 

S51 Aluminum-clad Low-carbon Stee! {37—Solid State Time Delay 
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Every bearing order “weighs” the same at Bound Brook 


We give the same special attention to each 
order . . . every step of the way, from en- 
gineering through production through shipping. 
Our two manufacturing plants give us the 


extra flexibility to meet equally well the needs 


of the smallest manufacturer . . . or the largest. 
Whatever your quantities and designs for self- 
lubricated iron and bronze bearings . . . you 
can rely on Bound Brook for “‘custom’’ service 


and prompt deliveries. 


BOUND BROOK BEARING 


CORPORATION OF AMERICA 
A BIRFIELD COMPANY 


Pioneer in Powder Metallurgy Bearings and Parts * Plants at Bound Brook, N.J. and Sturgis, Mich. 





How world’s largest tracer | 
assures precision 


Engineers of The American Tool Works Co. design 
maintenance of high precision right into their new 
tapered 
roller bearings on the nose and center of the spindle, 


Maxi-Swing Tracer Lathe with 16 Timken 


drive and intermediate shafts. That's because Timken 


ON-THE-SPOT ENGINEERING SERVICE. Our sales engineers can help you 
right at the design stage to get the most economical bearing in terms of 
needed capacity and precision. Why not call them in early? 
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bearings are designed and manufactured to take the 
big loads from all directions of this machine cutting 
%” deep into work pieces of up to 40 tons. And they do 
it through a range of 22 speeds, giving rigidity with 
compact mounting and ease of assembly. 





Industry rolls on 


tapered roller bearings 











The Timken Roller Bearing Com- 
pany, Canton 6, Ohio. Cableaddress: 
“TIMROSCO”. Makers of Tapered 
Roller Bearings, Fine Alloy Steel 
and Removable Rock Bits. Canadian 
Division: Canadian Timken, St. 
Thomas, Ontario. 





























